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MESOTHELIOMAS OF THE GENITAL TRACT 

A report of five new cases and a survej’ of the literature. 

By Carl-Martin Fajers. 

(Received for publication July 3rd, 1948.) 

The following report deals with a special type of benign tumours 
in the genital tract of men and women. In the literature they have 
been described as lymphangiomas, mesotheliomas, adenomatoid tu- 
mours, adenomas, adenocarcinomas, but they seem to represent a tu- 
mour specific for the genital tract. Up to 1942 18 male and 19 female 
cases have been published. In 1942 Masson, Riopelle, and Simard 
described 8 new cases, 3 of which were women, classifying them as 
mesotheliomas. In 1943 Evans published 15 cases including 2 females. 
In 1945 Golden and Ash’s report appeared with 15 cases of their own, 
2 of which were women. Since the authors could not arrive at any 
definite conclusion as to the genesis of the tumours they called them 
adenomatoid tumours. Ten*) isolated male cases have been published 
since 1942. The present material comprises 5 male cases. 

A description is given of these 5 cases, followed by a general review, 
based on the author’s experience and on the cases reported in the 
literature. Sixty-four* ) tumours in men an 25 in women are described. 
Of these 13 male and 2 female cases have been tabulated by Evans; 
13 male and 2 female cases are described by Golden and Ash. The 
remaining male cases and all known female ones are presented in 
table 1. 


Report of cases. 

Case I. (91/1909) (The Surgical Department of the Kalmar Hospital and 
the Surgical Department of Lund Hospital). Man, age 27. As a child the pa- 
tient had had measles and mumps without complications. He denied venereal 
disease. The anamnesis mentioned a trauma in the scrotal region in 1903 
In June, 190 8, the patient noticed a sudden hard and painful swelling in the 


*) See end of this report for another case. 
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Author 
and date 

Age 

Anamnesis, symptoms, loca- 
lization and size 

Diagnosis 




M A L E S 


1 

Conforti 

1910 

23 

A tumour for 5 months in 
the left epididymis (6,5 X 3,0 
cm). No pain. Hydrocele. 

Diffus and alveolar 
lymphangioendo- 
thelioma 

2 

Lardennois 
and Legfene 

1911 

33 

A tumour for a long time 
in the dorsal-side of the right 
testicle. 1 cm. in diameter. 

Fibroma 

1 

Naegeli 

1912 

59 

Incidental autopsy finding. 
Right testicle in the transition 
between the epididymis and 
the vas deferens. 

»Mischtumor« 

1 

Sakaguchi 

1916 

32 

Epididymis; 2 X 1^5 cm. 

Adenomyoma 

5 

Stout 

1917 

57 

Trauma against the scro- 
tum at 12 years of age. Tu- 
mour in the lower part of the 
left epididjonis; 1 cm. in dia- 
meter. 

Fibromyoma 

6 

Hinman and 

Gibson 

1924 

78 

A big scrotal tumour for 
about 11 months in the left 
epididymis. 


7 

Masson 

1924 

(according 
to Nicod) 


Spermatic cord. 


8 

Rigano-Irrera 

1925 

47 

A walnut-sized tumour for ‘ 
6 months in the left testicle. 
In the beginning pain. Lues 

4 years ago. Now WR and 
Meincckc neg. 

Lymphangioma 

simplex 

9 

Rubaschow 

1927 

23 

A cystic tumour for 5 years 
in the lower part of the left 
spermatic cord; 2 — 3 times as 
big as the testicle. 

Lymphangioma 

10 

Fclscnreich 

1929 

38 

Pain in the right inguinal 
region for 1 year. 4 cm. from 
the epididymis along the sper- 
matic cord a 8 cm. long tu- 

Tumour from the 
Wolffian duct. Pci 
haps a carcinoma 
solidum simplex 




mour. 

1 
















3 



Author 
and date 

Age 

Anamnesis, symptoms, loca- 
lization and size 

Diagnosis 

■11 

< 

Marcandier 
and Thomas 

1930 

■41 

Epididymis; walnut-sized. 

Lymphangioma 

12 

Fischer, W. 

1932 

60 

' A little growing nodule for 

6 years in the cauda of the 
left epididymis; 1,6 cm. in 
diameter. 

Myo-adenofibroma 

' 13 

Mark, A. 

1935 

(according to 
Golden and Ash) 

! 



‘ 14 

Thompson 

1936 
case 38 

1 

29 

Pain from the region of the 
testicle. Lower part of the 
right epididymis; a little tu- 
mour. 

A deno carcinoma, 
grade I 

15 

Thompson 

1936 
case 39 

54 

i 

Trauma against the right 
testicle 4 years ago. Since that 
time a little nodule. Lower 
part of the right epididymis; 
a little nodule, 1 cm. in dia- 
meter. 

Adenocarcinoma, 
grade II 

I 

! 

16 

Scalfi, A. 

1936 

(Scalfi, A. 

1935) 

44 

Since some years a tumour. 
Lover part of the left testicle 
growing on the spermatic 
cord; walnut-sized. No pain. 

Lymphangioma 

simplex 

l7 

Falconer 

1939 

72 

Incidental autopsy finding. 

Adenofibromyoma 

18 

Nakamura 

1939 

i 

1. 

37 

A tumour in the right te- 
sticle for 17 years. No pain. 
Right testis; 2—3 N 1,5 X 0,7 
cm. 

Lymphangioma 
simplex and 
cavernosum 

19 

j Masson, Riopelle 

1 and Simard 

1942 
case 4 

23 

Spermatic cord; walnut- 
sized. 

Mesothelioma 

20 

Masson, Riopelle 
and Simard 

1942 

j case 5 

31 

Pain in the left groin. A tu- 
mour in the cauda of the left 
epididymis for 18 months; 2 X 
1,5 cm. 

Mesothelioma 


1 * 
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Author 
and date 

Age 

Anamnesis, symptoms, loca- 
lization and size 

1 Diagnosis 

1 

21 

Masson, Riopelle 
and Simard 

1942 
case 6 

29 

Pain in the left testicle for 
4-5 days. No veneral diseases. 
Cauda of the left epididymis; 
pea-sized. 

Mesothelioma 

1 

22 

! 

Masson, Riopelle 
and Simard 

1942 
case 7 


A tumour in the right tes- 
ticle for 2 years. Pain. Right 
epididymis; nut-sized. 

Mesothelioma 

23 

Masson, Riopelle 
and Simard 

1942 
case 8 

31 

Operation on diagnosis ec- 
topia testis sin. Albuginea on 
the dorsal-side of the left tes- 
ticle; 1 mm in diameter. 

Mesothelioma 

1 

1 

24 

Malisoff and 
Helpern 

1943 

57 

A nodule in the right tes- 
ticle for 17 years. Pain. Hy- 
drocele. Caput of the right ■ 
epidid 5 '’mis; 1,8 cm. in diam. | 

: Mixed leiomyoma am 
lymphangioma 

25 

Robinson, J. N. 

1945 

30 

A tumour in the lower part i 
of the left epididymis for 5 
years. j 

Most likely a meso- 
thelioma 

26 

] 

1 

1 

! 

Robinson, J. N. 

1 

i 

1 

28 

Pain and swelling 4 years | 
ago in the left part of the scro- | 
turn. Tumour in the lower ! 
part of the left epididymis. 

Most likely a meso- 
thelioma 

1 

27 

Bothe, Cristol 
and Devers 

1946 ) 

j 

42 j 

1 

13 years ago trauma against 
the scrotum. Since then swel- 
ling and a nodule. No pain. 

Nodular tumour in the lower 


1 

part of the left epidid.vmis; 4 


cm. in diameter. 

28 Codnere and 

26 

A tumour in the caput i »Adenomatoid tumor 

Fljmn 


major epididymis sin. (1,8 

1946 


1,2 cm.) for 10 months. No 

! case 1 


trauma. No pain. No veneral 



diseases. 

29 Codnere and 

33 

A tumour in the upper part n.-Vdenomatoid Imnoi 

1 Fljmn 


of the riglit epidid.vmis (1,2 X ! 

1946 


0,3 cm.) for 7 year’s. No pain. 

O 1 

case 2 

Kahn neg. 


5 


i 

1 

Author 

1 and date 

Age 

Anamnesis, symptoms, loca- j Hiagnosis 

lization and size | 

30 1 

1 

1 

1 

Codncrc and I 

Flynn 

1940 
case 3 

j i 

i 

i 

1 

Hernia inguinnlis dx. for 0 j rAdenomatoid tumor 
months. No trauma. No pain. ' 

No veneral diseases. Kahn j 
ncg. Bilat. hydrocele. Caput i 
minor epididymis; 0,8 N 0,0 ^ ; 

0,0 cm. i 

j 

Bcncvcnti, F. 

1947 

i 38 

1 

t 

i 1 

A tumour in the globus mi- : Perhaps a lyinp- 
nor epididymis sin. (2 >- 2 >' j angioma 

1,5 cm.) for 4 months. Triiuma ! 

25 months ago. No pain. Now | 

WB po.s. lull 2 years ago neg. | 

.32 

i 

1 

Falconer, B. 

[ 1947 

j » 

^ A nut-sized tumour in the j Adenofihromyoma 
' cauda of the right epididymis j 

1 

case 1 

i i 

1 for 5 months. ; 

33* 1 

Falconer, B. 

1947 1 

1 „ 1 

i case 2 | 

30 

! 

i 

1 A nut-sized scrotal tumour ^ Adenofihromyoma 
for 0 years. 


CAStiS OF tiif: authou 


34 

Fajers, 
1948 
case 1 

C.-M. 

! 07 

! 

{ 

1 

{ 

Trauma against the scro- 
tum G years ago. No pain. 
Cauda of the right epididy- 
mis; pea-sized. 

Mesothelioma 

; 

35 

Fajers, 
1948 
case 2 

C.-M. 

lif) 

I 

Nothing of interest. No 
trauma. A tumour for 2—3 
months. Pain, heft epididy- 

Mesothelioma 




' 

mis; pea-sized. 


36 

Fajers, 

1948 


50 

'i'umour for 1 year. No 
pain. Cauda of the left epidi- 

' 

Mesothelioma 


case 3 


‘ 

dymis: double pea-sized. 


37 

Fajei's, 

1948 

C.-M. 

i 

Pilc.s. 'fimiour for 5 years. 
No pain. Cauda of the right 

Mesothelioma 


case -4 



epididymis; bean-sized. 


38 

Fajers, 
1948 
case 5 

C.-M. 

58 

Nothing of interest, no 
trauma. A tumour for about 

2 years. Some pain. Lowest 

.Me.solhclioma 


purl of <hc viplil, lesticlo; wal- 
nut-sized. 


) See end of (liis report for case 



6 





Diagnosis 

F E M A L I-: S 

39 

Hohne 

1901 

1 

uterine fibroids. In the up- 
per right wall of the tube, 1 
cm. lateral of the comer of 
the tube; cherry-sized. 

Lymphangioma 

40 

Dienst 

1905 

1 

I 

i 

I 

i 

Uterine fibroids. In the am- 
pullary part of the tube; pea- 
sized nodule. 

]My.xofib 2 'otic capillar 
angioma 

41 

1 

Kermauner 

1907 

50 

i 

! 

1 

1 

MaiTied 2-para. An abdomi- 
nal tumour for 5 months. Ir- 
I'egular uterine bleedings for 

1 years. Uterine fibroids. In 
the isthmic extremity of the 
tube a bean-sized thickening. 

Lymphangioma 
with some malignancy 

1 

! 

42 

Franz and 

Leighton 

1910 and 1912 

53 

i 

( 1 

i 

Nullipara. Menopause 4 
years ago. Irregular uterine 
bleedings for 1 year. Adeno- 
carcinoma uteri, metroendo- 
metritis purulenta; myoma 
corporis et isthmi uteri. In 
the ampullary part of the left 
tube; cherry-sized. 

1 Lymphangioma 

[ 

43 

Frankl 

1 1912 

38 

1 

Married. Menorrhagia and 
metrorrhagia. Uterine fib- 
roids. In the middle of the left 
tube; pea-sized tumour. 

Lymphangioma 

44 

1 

Ktister 

1914 


' Cancer uteri. On the tube; 
walnut-sized tumour. 

Partly c}"stic 
lymphangioma 

45 

Dietrich 

1923 

1 

30 

2-para. Retroflexion of the 
uterus. No myomas. Pelvic 
pain for 8 years. In the isth- 
' mic part of the right tube; 
nut-sized tumour. 

Lymphangioma 

40 

i 

Strong 

1924 
case 1 

48 

! 

Married. Adbominal tumour. 
Fibrosis uteri. Fibroma ova- 
rii. No myoma. 1 cm. from 
the isthmic extremity of the 
tube a tumour, 5 mm in cliam. 

Lymphangioma 
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Author 
and date 

Aftc 

1 

1 

Anamnesis, sym])loms, loca- 
lization and size 

Diagnosis 

47 

1 

Strong 

192-4 
case 2 

j 

1 

52 

i 

1 

i 

.Married. Pelvic pain and , 
haemorrhage. No uterine fib- j 
roids. Inflammatory condi- , 
tion of the uterus. In the wall ; 
of one of the tiibe.s; 5 mm in i 
diameter. 

Lymphangioma 

48 

.-\schheim 

i 

1 

Myoma uteri and fibroma 

Lymphangioma 

- 

1925 
case 1 

j 

ovarii. In the ampullary part 
of the tube; pea-sized subse- 


i 

t 

1 

rous tumoTir. i 

! 



49 

j Aschhoim 

1 1923 
j case 2 

50 

j Aschhoim 
! 1925 
case 5 

51 1 

Todoroff 

1928 

52 

Silva 


1928 


53 


Scliiffman 


54 


1929 


Nicod 

1934 



55 


V. Szathmary 
1937 


I 


j bterino fibroids. In llic isdi- j Lyniphanpionin 

I iiiic pari of tbc tube; mit-.sizod '• 

j liuiiour. ! 

*10 j .Married jnultipara. .Abdo- i Lyinpbnnpioiim 
I ininal pain for H day.s. In of the inbe, partly 
j ibc (ul)c; child’s bead-sized ' solid partly cv.stic 
, tumour. ■ . - ■ 


SG 


74 


I Married. Incidental autopsy ' 
I finding. Lime, atrophic ute- i 
j fine body. At the isthmic part 
1 of the left tube a tumour C ; 
j 4 mm. ! 

j Married. Pelvic haernorr- 
, lage. Ca. ovarii. 5 cm. from 
the uterine cxiremitv of the 
tube a cherry-sized tumour. 


I-ymphangioma 


// 


53 


Autopsy. The right tube 
and ovary form a child-head, 
sized cystic tumour. »Kv.stc 
'volffien multiocularcr. Some 
J'tcrme fihroid.s. In the left 
‘^f^our. 

Since fourTei^r 
"tcgulare uterine bleedings 
ist-sized uterine fibroid. In 

on T'l ' 

nod„l“ ■ “ '■'■""'-'■I 


"IU;ticulomc.s ou rc 

culo-endotlu'Iiomes 

i.vmpatiqucs<i 


fA'miilmngionm 
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Author 
and date 

Age 

Anamnesis, symptoms, loca- 
lization and size 

Diagnosis 

50 

Sanes and 

Warner 

1939 

55 

Married unipara. Abdomi- 
nal tumour for 18 months. 
Pain. Menses earlier normal; 
for iy 2 year irregular menorr- 
hagia. Uterine fibroids. 8 cm. 
from the uterine extremity of 
the left tube a tumour 1.1 cm. 
in diameter. 

Lymphangioma 
with distinct endo- 
thelial proliferation 

57 

Masson, Riopelle 
and Simard 

1 1942 
case 1 

25 

Married nullipara. Abdomi- 
nal pain in the right fossa 
iliaca for 1 year. Endome- 
triosis ovarii. No uterine fib- 
roids. On the dorsal surface of 
the uterus a tumour, 1 cm. 
in diameter. 

Mesothelioma 

58 

i 

Masson, Riopelle 
and Simard 

1942 
case 2 

50 

1 

1 

1 

Multipara. No pain. Me- 
norrhagia for 6 months. En- 
dometrial hjT^erplasi. No ute- 
rine fibroids. Endosalpingitis 
tuberculosa. On the ventral 
surface of the uterine body 
at the attachment of the 
round ligament a nut-sized ! 
tumour. I 

Mesothelioma 

59 

Masson, Riopelle 
and Simard 

1942 
' case 3 

39 

i 

Multipai’a. Peritonitis 9 1 
years ago. »Ovaires sclero- ; 
kystiques«. A badly delimited ! 

' fibromjmma 2,5 — ^3 cm. in dia- j 
meter. 

Mesothelioma 

GO 

Evans 

1943 

52 

1 

Pelvic symptoms. In the ; 
uterine body a rounded in- 
tramural tumour mass about 

7 cm. in diameter. ^ 

Mesothelioma 

61 

Evans 

1943 

45 

Profuse menstruation for 3 ! 
j’’ears. Uterine fibroids. On i 
one of the tubes; a small 
rounded tumour 8 mni. in 
diameter. 

Mesothelioma 

62 

Golden and Ash 
1945 

67 

Incidental autopsy finding, j 
Uterine tube. : 

»i\dt‘nomatoid tumoi 

63 

Golden and Ash 
1945 

1 

1 

Incidental finding at opera- | 
tion wEncapsulated tumour ; 
on the Faloppian tube«. 

)).Adenomatoid tumoi 
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"'''ofexamtaition in rb™?nri90Mlic riglU. testicle 
egg softer than normal and very painful on pressure. The 
^v^ considerably enlarged, hard, firm, and uneven, enclosing the test clc 
like a book. On the ventral side of the testicle there was an aiea with 
suspicious fluctuation. The left testicle was softer and smaller than normal. 
Otherwise nothing noteworthy. On the diagnosis of tuberculous epididymitis, 
the right testis was removed. The epididymis was entirely liquefied and n 
the anterior part of the testicle a clear liquid was found in a delimited area.. 
In the lower part of the right epididymis there was a peasized tumour. T he 
healing was uneventful. After operation the patient experienced only slight 
discomfort from the inguinale region. (Information by letter in December 
19.17). The tumour was classified histologically ns a lymphangioma. 


Case 2. (2805/1935) (Kullberg Hospital, Katrineholm). Man, age 35. For 
2—3 months the patient had had a small tumour in the left epididymis, 
which had grown slightly and lately had become painful. 

The clinical examination showed a firm, painless tumour somewhat larger 
than a pea in the left epldid 3 "mis. After the operation the tumour measured 
1.5 X 1.0 X 0.5 cm; it was firm, elastic, j'cllowish white in color, and encap- 
sulated. The recovery was uneventful. Tlic patient wrote in December 1917 
that he had not experienced any discomfort from the inguinale region. The- 
histological diagiiosis was «benign tumour, probably an angioma «. 


Case 3. (885/1937) (Norrkoping Citj' Hospital). Man, age 50. The patient 
was operated upon for stomach ulcer in 1922 and had not noticed any trouble 
from the stomach since then. For a j'car he had had a slowly growing, pain- 
less tumour in the lower part of the left testicle. 

The clinical examination revealed a rounded, fairly hard, painless, well 
delimited tumour, double the size of a pea, in the lower part of the left 
epididj'mis. On operation a well encapsulated, firm, clastic, grcjdsh white 
tumour Avas removed which measured 1 cm. in diameter. Uneventful healing. 
The post-operative course presented no discomfort from this region. (Infor- 
mation by letter in December 19.47). — The pathological-anatomical diagnosis 
was a tumour Avithout any sign of malignancj’’, probably an angioma. 


Case i. (7260/1944) (The Surgical Department, Lund). Man, age 45. For 
5 years the patient had had a firm, painless, peasized tumour in the ioAA'er 
part of the left testicle. Onlj^ neurastenic sj’^mptoms. 

Epididymectomy on the right side aa'os performed and a beansized tumour 
was removed from the fibrotic cauda epididymis. A small hvdrocele was 
present Uneventful healing. In a letter dated December 1947, the patient 
Aviote that ho experienced tension in the groin due to the fact that »thc 
testicle had not descended into position after the opcration«. The tumour 
Avas 1 cm. m diameter, firm, elastic, yellowish Avhitc, Avell encapsulated and 
Avas interpreted histologically as an angioma. oapsuiaicn, and 

On operation a walnut-sized tumour was removed from the lower part 





0 / the right testicle. The tumour was white, firm, elastic, and encapsulated. 
It showed the histological picture of an angioma, probably lymphangioma. 
Uneventful healing. There was no further discomfort from this region. (In- 
formation by letter in December, 1947). 


Microscopic examinafion^) : 

AH 5 tumours were strikingly similar in structure. In a framework 
of collagenous connective tissue and smooth muscle fibres there were 
cpithelium-Iike cells in. solid cords or channels, somclimes arranged 
in acinar formations with a central lumen. The cells were flat to 
cuboidal or low-columnar, in some places spider-like with vacuolated 
cytoplasm. Many of the cells showed a brush-border (fig. 5) and some- 
times a central flagellum. This brush-border was most evident on tlm 
flat cells. The central flagellum rose somewhat above the brush-border. 
Some cells had a signet-ring-Iike appearance with eccentric nuclei. Tlie 
nuclei were rounded to ovoid, sometimes kidney-like with a granular 
to filamentous chromatin and often evident nucleoli. Very few mitoses 


1 

m§ 

BH 



mm 






Fiff. 1. 


Case 2; The tumours have an angiomatous 90. 

forming a basal membrane next to the gland- 1 c 

(1) Stainings: Hematoxylin -cosin; a^conUng to Mai- 

siaining according to Fraenkel; mucicarrmne; am . Cpparlach-R 
lory, veUculavc fibril staining according to Pap and Scharlach R. 
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X- tf/. XJ u/tu. 

« VcuJoidluo lo7cTmnar“p7LS 

cytoplasm and roundedT^cSd^SC^^^^^^^^ 


cytoplaL andrfSfoiSdnucS x'^so^nf 450.™'“°^^^''^ 
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' Fiff. 4. 

Case 4: Smooth muscle bundles are seen in the collagenous connective tissue 

at A. X 250. 



Fig. 3. 

Cose: Mainly the fiat epithelium-like cells lining the giantl-like .spaces show 
a brusli-borcler. A X 750 ; B X 1300. 

were observed. The signel-ring-like cells seemed to serve as the origin 
of new acinar formations. In some places the gland-like formations 
were seen to divide in branches. The epillieiium-Iike cells showed 
everjrsvhere a light, foamy cytoplasm {fig. 2 and fig. ^1). Staining for 
fat was negative. Haemorrhages or pigments were not observed. There 
were no giant cells. The contents of the channels and the cytoplasm 
were staining faintly rose-coloured with mucicarminc, cxept in case 1. 
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In the lumen of the gland 
present, which seemed to 


-like structures mononucleated cells were 
be desquamated from the epithclium-hke 


^^'^The smooth muscle fibres appeared mainly in the periphery of the 
tumours (fig. 4). In case 5. the fibres seemed to lie in two perpendicu- 
lar e layers at right angles to each other. The collagenous connective- 
tissue was most abundant in the centre of the tumour wliolly lo- 
minating the smooth muscle fibres. In the periphery, however, the 
collagenous connective tissue was sparse whereas the smooth muscu- 
lature was more abundant. Next to the gland-like structures i-clicularc 
fibrils were seen, forming a basal membrane, and outside the fibrils the 
collagenous fibres appeared (fig. 1). In the utmost periphery a more 
or less pronounced capsule of collagenous connective tissue was found 
in all the cases. On the surface of this capsule mesothelial cells were 
seen in case 2 in a limited area of the vaginal cavitj'. The cells clipped 
into the capsule, but no connection between tbc cells and the gland- 


like structures of the tumour cvere seen anjnvhcre, nor did these meso- 
thelial cells appear to create acinar structures. 

A diffuse infiltration of round cells was present in the tumours, 
most abundant in the periphery where they even formed groups of 
lymphoc 3 ’tes (most pronounced in case 5). Eosinophilic leucocytes oc- 
cured sparingly in case 2 and 4 but where othcr^Yisc lacking. There 
w'ere no neutrophile leucocytes present and only a few plasma cells. 
In the aggregations of lymphoid cells there api)earcd a network of 
reticular fibrils. 


The tumours maj' thus be classified as follows: adenomatoid tu- 
mours, with gland-like structures of epithelium-like cells with brush- 
border, \Yith interstitial tissue framccYork of smooth muscle tissue, 
collagenous connective-tissue and an infiltration of round cells, AYhich 
form rounded groups, especially in the peripherj'. A sparse ncUYork 
of vessles is obserYed in the tumours. 


General snrvcij. 

Occurrence: Sixty-four of the 89 tumours were found in men and 
ri T seem thus to be more common in men. It is very 

im y, however, that the number for women is too low, partly because 
le umours are too small to give clinical sjnnptoms, and partly be- 
overlooked in the autopsy on account of their insigni- 

mi'p” perhaps allowed to pass as myomas \Yithout 

microscopic examination. 

Affe: The age is mentioned in 60 male cases. The tumours however 
lave existed long before they were removed. The operation often took 
Ihaf^r connection with military service which may explain the fact 
toat the younger ages are more represented than the older. In some 
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cases the tumours were accidental secondary findings. The age of 
interest is that at which the tumours first appeared. It is mentioned 
in 46 cases (sec Curve 1). The tumours seem to be exceedingly rare 
before puberty. (There is only one case with an anamnesis starling 
before the age of 20 and Edward and Blumer’s case in which the 
tumour was said to have been present since the earlj' teens). Maximal 
frequency occurs in the ages ])ehveen 20 and 40. Tlie tumours seem 
to become less frequent with increasing age. This fact however may 
be due to a reduction in the age classes and to a possible selection. 



Curve /. 

Age in men wlien the tumour first appeared. (tC cases). 

The age is mentioned in 18 female cases (see Curve 2). Three of 
these are autopsy findings. The curve shows a peak, although in- 
significant, at the menopause. This is explained by the fact that the 
tumours have always (with the exception of case 50) been secondary 
findings in operations for complaints from the internal genitalia. 



Curve 2. 

Age when the tumour was removed; 
female cases, 
male cases, 

female autopsy findings. 
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Localization: TJic site of the Uunoiirs in men is mentioned in -11 
ease (see fig. 6) : 

4 were found in close relation to the caput epididymis. 

1 between the caput epididymis and the sjjermalic cord. 

28 in the cauda epididymis. 

1 in the transition between the epididymis and the vas deferens. 

6 intimately related to the lower pole of the testicle. 

4 long the spermatic cord. 

Finally, in a few cases, they have heen firmly adherent to the tunica 
vaginalis or have appeared to originate from the tunica albuginea. 



o on (he left side. 

® on the right side. 


ciistrihntTrf^ Uimours m women is mentioned in 25 cases The 

aistnhution appears from Fig. 7. cases. iJic 

19 on or in the Faloppian lube: 

6 in the isUimic part of the Faloppian tube. 

4 m he middle part of the Faloppian lube 

5 m the ampullary part of the Faloppian tube, 
on the lube, not clearly specified. 

5 on the surface of the uterus. 

ease, ,„ca,taUo„ as ,ho orieina, ,eporL „as 

ot Iho labours were sUualcd to ihe lof, and .1 
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Fig. 7, 

Diagrammatic representation of the localization of tJie female iumovrs. 
Exact localization not mentioned in 14 cases. 


Macroscopic appearance: The tumours in both men and women arc 
usually small, about the size of a hazel-nut. In a few tumours cystic 
structures are found but these were small except in case 50 where 
the tumour could be palpated. It was as large as a child’s head and 
consisted of one cystic and one solid area. Tlie tumours were all 
unilateral. 

They are as a rule rounded to ovoid in shape, but appear some- 
times as flattened discs. This was especially the case in women where 
the tumour had grown on the uterus, and in the male cases 1,6 and 10 
in the table. 

The tumours are macroscopically well delimited and in most cases 
encapsulated. They are generally firm and elastic. 

The colour as a rule is gre 3 'ishrwhile to gres’ish-j'cllow without any 
signs of haemorrhages and with a somewhat darker shade in the 
periphery in those cases where a capsule was present. 

Symptomatology: The tumours as a rule have been without sj'mp- 
loms in both men and women. 

Hj'drocele is mentioned in 9 cases. The exudation is probably 
caused b 5 ' the irritation incited by the tumour through its very pre- 
sence in the vaginal cavity — it would he justifiable to expect a 
greater frequency of this sj'mptom. 

The tumour was combined with pain in 16 male cases. In 5 cases 
of hj'drocele there was no pain and the combination of hj'drocele and 
pain was found in onlj' 3 cases. This indicates that in most cases 
hj'drocele is not the cause of pain. 

Pain xvas mentioned in a few female cases but w’as probablj’ not 
related to the occurrence of these tumours. 

Prognosis: Tlie prognosis is alwaj's verj' good. Tlie tumours arc 
benign and no recurrences are reported. 





17 


Pathogenesis. 

Trauma- In only 5 or perhaps 6 male cases Ihc anamnesis men- 

ever, no causative role can be atlribulcd to the Iraum. . 
were reported in women. 

Veneral diseases: Only 2 men have admitted vencral infection. The 
number is probably too low, hut there is no reason to «^umc anj 
relation between veneral disease and the occurrence of the tumour. 
— Veneral diseases are not reported for women. 

Inflammation: The tumours showed a sparse, diffuse infiltration 
of round cells, chiefly lymphocytes, sometimes aggregated in groups, 
mostly in the peripherj' of the tumours. They may he of secondary 
nature elicited by the growth. Tlic organoid structure of the tumours 
(e. g., their delimited character) speaks against an inflammatory ge- 
nesis. 


Endocrine origin: Falconer has suggested that the tumours pro- 
bably originate from the Wolffian duct and transverse ducts of the 
primordial kidney and that their development may he hormonally 
determined. However, no endocrine disturbances were mentioned in 
the male cases. Of the female cases myoma of the uterus was present 
in 13 cases and was denied in 6. Two cases had carcinoma of the 
uterus, 1 carcinoma of the ovary, 3 inflammatory processes in the 
uterus, 1 endometrosis of the ovaries, 1 ovarial cysts and 1 ovarial 
fibroma. As the tumours were accidental findings during the ope- 
rations, their co-existence with these conditions does not mean causal 
connexion. Moreover, there arc no proofs of an endocrine genesis of 
any of these diseases, perhaps with the exception of the myomas. In 
all the female cases anamnesis shows irregular menstruation. 

The number of pregnancies (nullipara 3, multipara 5) is not sig- 
nificant for the occurrence of the tumour. 


Histogenesis. 

Angiomatous character: Several cases have been diagnosed as an- 
^mas. For many reasons, however, this diagnosis can he rejected 
The tumour cells differed from the endothelial cells which line the 
vascular spaces of the angiomas, in being cuboidal to low-columnar 
whereas the latter always retain their typical structure wilh bi.im ^ 
nuclei m spindle-shaped cells. Moreover, the tumour cells showed"? 
mucous secretion, and in the author’s cases as well as Masso^rH • 
Avlnch are never seen in angiomas. ^ ciha, 

Epithelial character: The tunmurc n i- 
carcinomas (Thompson Hinmon ss r.'l diagnosed as adeno- 

'“v!. Of 11:! 


2 
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nign character. This is evidently true. Under the microscope the tu- 
mours appeared to be benign and the mitoses, if any, were verj' sparse 
and of normal appearance. Further, the tumours have existed in men 
for a long time without giving rise to melastases. No relapse is re- 
ported either. 

Gordon-Taylor and Ommaney-Davys, Blummcr and Edwards be- 
lieved the tumours to be adenomas. Falconer denominated his tu- 
mours adenofibromyomas; Sakaguchi supposed his case to be an adc- 
nomtjoma, and Fischer diagnosed his as a mijoadenofibroma. Golden 
and Ash introduced the name of adenomatoid tumours and this diag- 
nosis was adopted also by Codnerc and Flynn. All these authors con- 
sidered the possibility of the tumours having their origin in the Wolf- 
fian body (mesonephron) or in aberrant cells connected with the 
Wolffian duct. 

A genesis from mesonephron or aberrant cells connected with the 
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Wolffian duct might explain the tumours in men but hardly those 
in women. The female' tumours would then be found mainly along 
the remains of the Wolffian duct, that is in the epoophoron the pa- 
roophoron, the ligamentum rotundum uteri, and Gartner s and Skene s 
ducts. This is not the case, however (Fig. 8). The tumours were in- 
stead localized to places on the tube and the uterus where the Wolf- 
fian duct does not pass and where remnants of the duct are un- 


expected. 

The Mullerian duct must also he considered wdien epithelium-like 
structures in these regions are concerned. These ducts develop from 
the coelom by folding. The anatomical localization of the tumours 
both in men and women agrees fairly well with this assumption. 
(Fig. 8). The tumours would then, however, in the females be ex- 
pected to show cyclic changes simitar to those of the female genital 
tract. This is not observed, however, which perhaps renders this ge- 
nesis less probable. 

In a report from 1947 Harlz mentioned the occurrence of Wall- 
hard cell rests or Brenner-like epithelium in the serosa of the epi- 
didymis. However, no such rests arc seen in the capsule of the tu- 
mours nor do the tumours show any histological similarities to the 
Brenner tumours. 


Mesoihelial character: An origin from the mesothelium was as- 
sumed by Masson et al. and by Evans. The mesothelium is believed 
to originate from the coelom epithelium which is very polyvalent. Ac- 
cording to Maximow the coelom cells possess the power of creating 
mesodermal epithelium, smooth muscles, etc. 

Tlie mesodermal epithelium, the mesothelium, also has a great 
capacity of differentiation which the ordinary epithelium does not 
have. In tissue cultures it can form structures resembling uterine 
glands; it can develop into fibroblasts and so on. The mesoihelial 
cells have brush-borders and they have the power of forming colla- 
genous fibrils. They may form signct-ring-like cells vith a content 
giving positive mucicarmin e-reaction. Sometimes in inflammatory or 
irritated conditions it gives rise to giant cells, sometimes it is des- 
qumated from the surrounding after which it forms mononuclear 
cells. 


The mesothelial tumours, the nature of which, however, is very 
debatable, have a varied histological structure combining connective 
epithelium-like and gland-like elements with the mentioned special 
capacities of the mesothelium. Cysts are often found in these tumours. 
The cases of Masson et al. all showed an intimate combination of 
connective tissue, epithelium-like cells, gland-like spaces and even 
smooth muscle bundles. In some of the tumours they found giant 
cells and in all there were signet-ring-like cells with mucicaiSe 
positive contents. The acinar spaces contained mononuclear cells. 
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^rther they found typical brush-borders in some of the tumours. 
The present author’s five cases are, in all respects except for the 
absence of giant cells, identical with Mason’s. When studying slides 
form one of Falconer’s cases (no; 32 in table 1) a brush-border could 
be demonstrated there too. 

These fact together with the localization of the tumours in or near 
the peritoneum or its derivatives (cavum vaginale testis) support the 
theory of mesothelioma. 


Discussion. 

It seems probable that the tumours have developed either from 
displaced cells (1) from the Wolffian duct or body, or (2) from the 
Mullerian duct, or (3) from mesothelial cells of the genital tract. 

The first two theories are favored by the organoid structure of 
the tumours, the presence of smooth muscles and cpithelium-like 
cells with a brush-horder and in men also by the site of the tumours. 
The absence of any structures resembling primitive glomeruli and the 
localization of the female tumours, shown in fig. 8, speak against the 
first theory. As the tumours are identical in the two sexes a common 
origin seems to be most likely and thus this theory seems less probable. 
— The tumours in the females are localized on the abdominal surface 
of the uterine body. In the tubes the tumours seems to have been in, 
not on the walls in most cases, but the size of these small tumours 
makes an exact localization impossible. It is possible that the tubal 
tumours too have started from the abdominal surface as is the case 
in the uterine tumours. This and the fact that the tumours never 
show cyclic changes, endometriosis or any similarity to tumours never 
Mullerian duct speak against the Mullerian-ducl-theorj'. 

The mesothelial lhoor 5 % on the other hand, is supported by the 
localization of the tumours on the serous membranes of the abdo- 
minal cavity, the presence of a brush-border, the appearance of the 
cpithelium-like cells and their capacity of producing a mucicarminc- 
positive secretion, as well as by the tendency of cyst formation. 

But how is the abundant occurrence of smooth muscle bundles in 
intimate combination with the other structures to he explained? Tlic 
muscle cells may, as in held by Ma.sson ct al., originate from the 
surrounding tissue, as the effect of inflammatory irritation. Tins view 
is supported by the distribution of the muscle bundles, which appear 
more abundantly in the periphery. It is also conceivable Hint the 
muscles originate from the mesothelial cells themselves in analogy 
with the formation of muscles from the niyoepilhclinm. Ihcrc is, 
liowcver, no information to this effect. No transition is seen helwcen 
the smooth muscle cells and the mesothelial cells. In the niyoepilhc- 
lium the transition of the epithelial cells into .smooth muscles can he 
followed. Myoepithelial tumours usually show an aggregation of cpi- 
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IhcUal cells somewhere in the ulandulnr ncini whore 
can ensilv he dcmonslraled. No such af?prci,'alion of inosolhe1i.il nils 
was fmintl in the oases reporlcd hero and Iho hasal memhranos win 
covered everywhere hy a sinpic layer of colls. „ 

There is a third allernalivc. A pronp of inosothclial rolls may ha\o 
been isolated from the )>erilonenm in Iho omhryonio stnpo and have 
been intimately minplcd with the nndorlayinp musrnlaturo where they 
start prowinp later on. This ran perhaps explain the intimalo rota- 
tion between collapenous connective tissue. pland-Iiho formations and 


smooth muscle cells in the tumour. 

One inipht arpne apainst a supposed oripin from the mosotholinm 
that identical tumours are not reported from other parts of the peri- 
toneal surface nor from tlie pleuras. However, the reiiorted meso- 
thelioma from the jileuro-peritoneum is of an heteropenons and de- 
bated nature and some of them show, in fact, strnetnres. slroiiply 
rcsemhlinp these tumours from the penital tract. It is also possible 
that the iicriloneal mesotliermin from the penital tr.acl has sjiccifie 
polenlatitics. 


Snnunanj, 

1. Tins report discusses a special type of henipn tumours in the 
penital tract, liiplity-nine cases attopether are de.serihed in the lite- 
raturc, 01 of which are men. Thirty-eipht of the male cases and alt 
female ones arc lahulalod topethcr with brief anamnestieal data etc. 

2. The tumours are exceedinply rare before puberty. In men the 
maximal frcipicncy occurs in the ape-prouj> 20—10 years and in wo- 
men at the menopause. The tumours :irc probably more frequent in 
women than appears from the number of cases. 

3. In men about SO of the tumours arc located in the ejndidy- 
mis repion. A few tumours are found in the caput epididymis repion 
.and alonp the sperimdie cord. In women most tumours occur on or 
in the tubes and a few on ttie externat surface of the uterus. 

•1. The tumours are penerally small, the sir-c of ha?.el-nul: round 
to ovoid, well delimited and often encapsulated, preyish-white to 
prcyish-ycllow in colour, firml.v elastic in consistency. 

a. Microscopicalty the tumours are classified as bcinp of adeno- 
matoid type wilti pland-liUe structures of varvinp size and sh.-ipe and 
mucicarmine-posilive contents as well as an interstitial tissue frame- 
work of smooth muscle tissue and tadlapcnous connective tissue, 'riie 
epithcIium-likc cells from which pland-Iikc slructnres arise are flat 
to low-columnar and provided with a brush-border .and a central fta- 
pcltum. In the periphery of the encapsulated tumours prouiis of romid 
cells arc present. 

G. Hydrocele was present in a few male cases and j.ain in ahotil 
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25 % of the cases. Pain was reported also in women but is scarcely 
caused by the tumours w'hich almost always were purely secondary 
findings. Myoma of the uterus was present in 13 cases. 

Trauma, veneral diseases, inflammation, and the number of 
gravidities have no causative significance for the appearance of the 
tumours. 

8. The tumours are not angiomas. A genesis from the MuUerian 
duct or from the Wolffian duct or body seems less probable. In ac- 
cordance with Masson an origin from the mesothelial cells of the peri- 
toneum seems to be most likely. 

9. The tumours are classified as mesotheliomas. 
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STUDIES OF THE LIFE-CYCLE OF PROTEUS HAUSER 
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A microbe one meets with a good deal in the routine work of a 
bacteriological laboratory is Proteus Hauser. The reason why this 
microbe swarms and how it happens that on some plates it forms an 
even film and on others more or less regularly concentric zones, arc 
questions which have long interested me. 

In the Autumn of 1946, I made some studies of the »individuals« 
in a swarming proteus-culture, working out from the centre step by 
step to the edge. Smear-preparations were made, being stained after 
flame-fixation with carbolfuchsin, and it was seen that all the microbes 
in the preparation taken from the centre were short rods, whilst in 
that from the edge practically nothing but long rods were to be found. 
The test was then carried out again with different cultures and it was 
found that the picture from the centre w'as fairly constant, but that 
the preparations taken from the periphery contained in some cases long 
rods only; in other cases all stages from long to very short. It was, 
moreover, found that in some of the preparations from the edge, the 
rods were homogeneously stained, whilst in others they’ were packed 
with granules. The same variations in morphology and staining were 
found on several repetitions of the test and it could therefore be as- 
sumed that this was a case of real changes of the microbe and not 
of a technical error. 

These findings, however, gave no explanation as to the mechanism 
of spreading and also a new' question presented itself: Why was it 
that in one preparation the microbes were homogeneously stained and 
that in another taken, for instance, half an hour later, they were 
granulated? 

A new method of making of preparations was then tried. 4 — 5 mm. 
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^vidc strips were cut out of the agar the Proteus swarmed on, from the 
centre of the colony to the edge. Impression preparations ' 

from the surface on to a slide. The preparations were dried, flame- 
fixated, stained with carholfuchsin and microscoped from one end to 
the other. Tlic earlier findings were verified — - uniform imcrohc.s in 
the centre and variable morphology and staining of the individuals 
towards the edge. In some preparations with predominantly long forms 
in the periphery it looked as if the microhes lay parallel with the 
longer axis in ‘radial direction. It often happened that certain in- 
dividuals seemed to he so long that they stretched over the whole 


field of vision. 

For the study of the microhes »in sitins thin slices of agar were 
placed upon a slide (0rskov’s technique), inoculated and put in a 
moist chamber at 37® C. At short intervals the prcparalion was observ- 
ed under the microscope and it was seen that long, rod-sha])cd microbes 
suddenly began to crawl and wriggle out of the colony that had ap- 
peared. The same plicnoinenon could he observed on ordinary thin 
agar plates. 

For further studies of this phenomenon, the following technique 
was used. A slide was placed on the bottom of each of a series of 
pelri-dishes and these were llicn filled with varying quantities of 
melted agar. In the Ihinncsl, the .slide was only just covered, while in 
the thickest, a 2 — 3 mm. cover was placed over the slide. An inocula- 
tion was made on one end of the slide and to the side of the oilier 
end. In this way, we obtained one colony which grew and started 
swarming on the thin layer of agar over Die slide and another colony 
which lived on the thicker layer of agar beside the slide and sent, its 
swarming forms over onto the slide. The slide was then ent out and 
placed on the stage of the microscope. 

Experiments now sliowcd that if a plate is inoculated with Proteus 
culture, a colony grows in the course of an initial period, (I. P.). From 
this colony long rods suddenly begin to wriggle forward. This means 
that the microbe’s first swarming-period lias begun. During this ])criod 
the colony’s diameter grows to D,. (Fig. 1). The microhc’s advance 


stops more gradually than it started and in this rest-period (R. P.,), 
the width of the ovonswarmed zone remains unchanged. Then long 
forms again begin to wriggle forward from the edge and in the next 
swarming-period (S. P.,), a new zone is formed and the diameter of 
the .colony increases to D„. A new rest period (R. P.„) follows, and 
uiier this, a new .swarming-period (S. P.^), which leads on to bI etc. 

The following experiment was llien carried out in order to give 
some idea of how separate individuals licliavcd and looked during a 
swarming- and a rest-period. At 15 min. intervals, a small rectangle 
was cut out of a plale-cuUurc, from the edge of the zone, during the 
whole swarimng-pcnod, (S. P.J and rest-period (R. P.J. Impression 
preparations were taken, dried, flame-fixated and stained with enrbol- 
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fuchsin. During the whole swarming-period, il was found that 
practically all the microbes were long and homogeneously stained. At 
the beginning of the rest period, the long rods became blue-black 
beaded. A quarter of an hour later, a number of the long forms had 
divided. After another half-hour, in the rest period, we found a large 
number of short rods which usually contained two granules; here 
and there longer forms with several granules and a number of mo- 
derately long forms without granules. A quarter of an hour after this 
preparation was taken, there were a large number of long rods, homo- 
geneously stained, and at this point a new swarming-period began. 

From these observations, it was fairly clear that the microbes had 
a life-cycle and that swarming and rest were closely connected with 
definite periods in this cycle. 

That little attention has been paid to this interesting phenomenon 
is evident from the fact that up to the present most handbooks in 
bacteriology have stated simply, with regard to this microbe’s morpho- 
log5', that it is a gram-negative pleomorphic rod, which contains nu- 
merous flagella and is therefore very mobile and capable of swarming 
on a solid surface. 

More than this, I myself, did not know of the matter when I 
started on the above-mentioned c.xpcrimcnts. It seemed to me, how- 
ever, extremeij* doubtful that my observations could be quite new -- 
a doubt which proved to be justified. A number of works on fhi.s 
subject were found to exist and il appeared that on the whole, the 
different research-workers had had the same findings, but none of 
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them had made a closer study of the cycle of the cellular development 
and those observations and interpretations which had been made by 
certain of them were not consistent with my findings. I theretore 
considered it might be useful to go ahead with a more thorough in- 
vestigation into the problems connected with the swarming of the 
proteus. In order to save space, I have decided to give an account of 
my own experiments first and to postpone the survey of the works of 
other workers to the last section of the paper. The work was purely ex- 
perimental and can be divided into three sections: 

Section I: The relation between time and the different mani- 
festations of life of Proteus in different surroundings. 


Section II; The cellular development under different conditions of 
life, and attempts to clarify the significance of the 
above-mentioned granules. 


Section III: A study of the swarming itself, (movements of the 
microbes on different media). 


Section I, 

The first objective was to attempt to clarify the different spreading- 
phenomena shown by proteus during routine work. The usual media 
were therefore chosen for the work and only their dryness was to be 
varied. In addition, the influence of the temperature on the microbe’s 
life-C5"cle was to be studied. 


Media: 

A detailed account of the media will be given under the separate 
experiments. It may be mentioned that, as in the other experiments 
described here, all the plates for parallel studies were made equally 
thick. The degree of dryness was determined either in % agar, or by 
different drjdng and storing of otherwise similar plates. 

Temperature: 

The observations were made at 37« C, 30« C., approximatelv 20° C 
and at room-temperature (IS" — 18® C.) 


Proteus Strains: 

Experiments with five typical proteus strains showed that they 

tse S f S/lr '-“rncd. One S 

hebw ’ experiments described 
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Technique: 

Unless otherwise stated, the inoculum was taken from an 18-hoiir 
old plate-culture and incubated at 37° C. A small drop of a suspension 
was placed with the same loop in the centre of each plate. Some of 
the plates were small {100 mm. diameter) and others large (200 mm. 
diameter). In some experiments, special vessels were used for the 
cultivation. At regular intervals, the cultures %vere examined and the 
diameter of the colony measured in mm. The result of the observations 
is shown as a function of time and grosvth, expressed by the colony’s 
spreading (diameter), measured in mm. 

Some experiments are shown in the following diagram. 



Diagram I. 

Medium/ Brom — thjnnolhlue — lactose agar 21/3 % in 100 mm. plates 
which after drying 18 hours at 37" C. were inoculated in the centre- 

I. Plate inoculated at 37" C. 

II. » » ^ 27" C. 

III. » » » room-temperature, which, during the day, was 

kept at approximateij' 18° C., hut at night drop- 
ped to 15® C. 

This experiment show’s that the I-period increases in length with 
a falling temperature. At 37" C. it was 3 hours, at 27" C.. 4 hours and 
and at 18" C. it had increased to 11% hours. If the three curves ar 
compared, it is further found that there is relatively little difference 
in the S-periods and that the zones are almost equal in width, apar 
from the first zone at 18" C. The reason for the dissimilar genera .p 
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pearance o£ the curves is the R-periods, which like the I-periods, in- 

width ot zone, but a strong influence on mat part of t y 

which takes place in the R-periods. The significance ot this on the 
study of the cells will he referred to later. 



Diagram II. 

For this experiment, media of different dryness w'ere used and 
incubation was at 37° and 25° C. 

Media: 2% % agar in 4 200 mm. plates. Plates I and III w'ere made 
the day before the experiment and dried for 20 hours at 37° C. Plates 
II and IV were prepared 8 days before the experiment, dried for 40 
hours at 37° C. and stored approximately 6V2 days at 4° C. 

All the plates w’ere inoculated in the centre wdth a suspension from 
a 10-hour, 37° C. agar plate-culture. Plates I and II w'ere incubated at 
37° G, plates III and IV at 25° C. Some of the inoculum w^as immediate- 
ly found to swarm and form a small zone, so that there Avas no pure 
I-period in this experiment. 

The influence of the temperature is evident from curves I and 
III, which behave as expected from Diagram I. The same applies to 
the relationship behveen curves II and IV. Of interest in this ex- 
periment is the relationship betw'een curves I and II, and II and IV 
— i. e. the significance of dissimilar degrees of dryness under other- 
Avise similar conditions. The result seems fairly obvious — Avith in- 
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creased dryness of the medium, the R-period is prolonged and the 
width of the zone decreases. 

Further experiments, with variations in the degree of dryness of 
the media, showed that in this way it was possible to obtain varying 
pictures of growth on the plates — from the damp, fresh plates which 
after a few hours at 37° C, were covered with an even, thin film of 
the swarming microbes, to the plates which with increasing dryness 
of the agar showed slower and slower growdh and increasingly nar- 
row zones, which were found as clear steps dosvn towards the peri- 
phery. If a relatively dry plate with slow growth was not protected 
against further drying during the experiment, the breadth of the zone 
could he seen to decrease and the growth (spreading) to stop far from 
the edge of the plate. 

As was mentioned earlier, one Proteus Strain only was used for 
all the experiments and was therefore cultivated for quite a few ge- 
nerations. It was noticed that in time this strain became less exacting 
and grew more easily in unfavourable conditions than it did when 
fresh. After a year’s cultivation, it formed an even, continuous film on 
the media on which fresh strains form clear zones. 



Diagram III. 

Medium; Brom-thymolhlue lactose agar 2 V 2 %. 

200 mm. plates. 

Plate I and III dried 20 hours at 37° C. 

Plate II dried 20 hours at 37“ C. and stored 6 days 

at 4° C. 

Inoculum: Microbes in the swarming stage. 
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A number of experiments, including the one described in Diagram- 
11, showed that the inoculum might contain cells which were capable- 
of swarming immediately. In this experiment the inoculum was taken 
from a section which at that moment was full of swarming microbes. 
It was Proteus plate-culture at room-temperature which, sometime 
before the inoculum was taken, had arrived at R. P. 3. With a micro- 
scope it was possible to ascertain that at the edge of the zone all the 
cells were at rest, but 7 — 8 mm. towards the centre it was full of long, 
mobile rods. It was fi'om this section that the inoculum was taken. 

As was expected, the inoculum swarmed immediately. Practically 
the whole culture crawled outwards, rather quickly at 37° C. and some- 
what more slowly at a lower temperature. 

The difference between cur\^es I and III bears, as one might ex- 
pect from Diagraim I, the »stamp« of temperature. On comparing 
curves I and II one finds that in the first phases, the difference lies 
mainly in that I has a larger breadth of zone than II, a variation which, 
as Diagram II shows, is typical of an unequal degree of di-yness of 
the medium. In the later phases of the experiment it was found that 
in the case of Plate II the R-period became shorter and the zone- 
breadth greater. The cause of this proved to be the shape of the bot- 
tom of the plate. Tliis had a hump, highest in the centre, so that the 
agar increased progressively in thickness from the centre to the edge- 
of the plate and as this layer of agar increased in thickness, so the 
drying naturally decreased. Thus, each time the microbes advanced, 
they found continually better living conditions. It is this that one must 
suppose is expressed by the changes in the curves. 

The experiments described showed that as long as the nature of 
the culture media was uniform, the zone-breadth seemed to be constant. 
The question then arose as to whether it was the number of microbes 
capable of swarming which was the decisive factor in determining the 
zone-breadth, whether it was the conditions of the surface of the agar 
which were most important, or whether it was a combination of both 
these factors. 

On microscopical examination of a colony swarming on agar, it 
looked as if the microbes crowded together with the same density per 
square unit from zone to zone. If this were the case, one should be able 
to assume that the number of swarming microbes from one zone to 
another was proportioned to the area in the corresponding zones. In 
these experiments it would, for example, be conceivable that the num- 
ber of microbes capable of swarming increased from zone to zone, but 
that this was not expressed in an increased zone-breadth because of 
the spread in radial direction, so that the area of the zones increased 
proportionally to R.-. In order to solve this problem, the following ex- 
periment was carried out: 

A 5 mm. thick layer of 2 % agar was poured into a glass box 30 cm. 
long, 4 cm. wide and 1.2 cm. high. The »plate« dried for 18 hours at^ 
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37° C. ITie inoculum from an 18 hour, 37° C. plate culture ^Yas placed 
in a stripe right over the agar, approximately 2 cm. from one end The 
»plate« was covered with a glass lid and all the edges covered (sealed) 
with plastiline and placed for incubation at 30° C. Evaporation and 
drying were thus prevented and the microbe forced to swarm along 
a track with a constant area per unit of length. The question was 
whether, under these conditions, the zone-breadth would remain 
constant. The experiment was carried out in a room at 30° C., and 
the plate lay the whole time under a microscope. The bottom of the 
plate faced upwards and on this was stuck a strip of mm. paper, so 
that the advance of the microbes at a given time could be read ac- 
curately, and definite zones in the overswarmed region could be ex- 
amined at regular interxmls. 

The first zones were regular, both as to time and zone-breadth. 
Gradually, however, the S-period increased in length and the zone- 
breadth became larger, and at the end of the track, the microbe 
swarmed continuously without any R-period. Obserx'ations carried out 
during this experiment explain this condition. It had previously been 
assumed that the long rods that were capable of swarming were only 
developed once on a definite section of the agar — a supposition which 
is perhaps fairly correct so long as one is dealing with a dry medium. 
The agar used in this e.xperiment was fresh and comparatively soft, and 
it was possible to ascertain, on microscopical examination, that the 
»swarmers« were developed in several relays in the same section and 
that they formed secondary (tertiary', etc.) waves and zones across 
the agar. This was, of course, found to create disorder in the periodicity 
expressed by the advance of the edge. 9 hours after the inoculation, 
the swarming had reached a point 73 mm. from the »starting line« and 
it was possible to observe swarming microbes all over this region. 14 
hours after the inoculation, the swarming had reached 117 mm. from 
the inoculation. In the first 50 mm. of the track there were, at Ibis 
juncture, from no swarmers to only a few; further out, variable ac- 
tivity of swarming microbes right to the advancing edge. 24 hours after 
the inoculation, few or no swarmers were to be found on the finsl 12a 
mm. of the course, and from there out towards the advancing edge 
there was changing intensity of swarming, but nowhere complete rest. 

It is due to these secondary (possibly tertiary, etc.) waves of 
.swarmers that on soft, fresh agar, proteus forms an even film. On 
a dry plate 3 >stepss are found, because each zone is able to bread one 
generation only of swarmers and aflcnvards only stationary form.s. 

The first zones in this experiment showed that the breadth re- 
mained constant even if the .square of the overswarincd region di( 
not progressively increase in the same way’ as with spreading from 
the centre of a round plate. The density of the microl)es per area docs 
not, therefore, seem to be a decisive factor as regards the zonc-brcadtli. 
In all probability, this depends upon the rate of movement of (im 
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microbes — (which, in its turn, is dependent on the nature of the 
medium) — and upon that time in the cell’s cycle of development 
which is connected with the S-period. 


Section II. 

As already slated, the result of the preliminary experiments sug- 
gested that Proteus had a life-cycle which it would he of interest to 
study more closely, and those granules which appeared regularly and 
quite suddenly in the long »swarmers« naturally stood out as re- 
presenting one of the central problems. 

That the choice of slain should have fallen upon carbol-fuchsin, 
was fortunate. With this method the granules became very clear; with 
a slain such as, for example, methylene blue or Gram’s method, the 
granulation is not seen so distinctly. In the study of the microbe’s 
morphology -during the different phases of its development and life- 
cycle, we used chiefly (apart from living microbes) impression pre- 
])arations, which after air-drying and flame-fixation were stained for 
45 seconds with diluted carbol-fuchsin. 

The microbe’s cycle of development falls naturally into three stages: 

Initial period (I. P.) 

Swarming period (S.P.) 

Rest Period (R. P.) 
each of which will be discussed separately. 

Initial Period: 

The proleus-strain O. M. S. 43/46 was inoculated in the centre of 
a 2 % agar-plate, which was incubated for 18 hours at 37° C. This 
spread out evenlj' over the whole plate, which was then kept for six 
days at room-temperature. A number of strips (e. 10 x 3 mm.) were 
cut out of this agar-culture and these were used to inoculate a fresh 
agar-plate with careful im])ression. Each strip was used for one ino- 
culum only, and each inoculum was placed on the same plate. In this 
way the inoculum became fairly uniform and the conditions of growth 
the same for each inoculum. One of the inocula was immediately cut 
out and the preparation was made by the »impression method« — this 
was preparation no. 1 and shows the microbes in the condition they 
were when inoculated. The culture was then incubated at 37” C. After 
1 hour 45 mins., preparation no. 2 was taken and after that, other 
preparations followed at intervals of about 15 — 20 minutes until 
swarming had started. 

The majority of the cells in the inoculum were thin, short and 
badly stained. Scattered among these pale microbes, strongly stained 
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bodies were found, varying from spheric to short rod-forms. In those 
preparations which were taken at definite intervals after the culture 
had been left for incubation at 37° C., the cellular development could 
be followed step by step. A film of the same weakly stained cells, as 
were found in the inoculum and which one must presume to be dead, 
— (ghost cells) — also form a base in the first preparations taken 
after incubation began, but even after an hour, thick, partly fusiform 
strongly stained rods of somewhat variable length are to be found 
scattered amongst the ghost cells. A number of these vigorous cells 
have strongly stained intracellular granules. Some individuals appear 
to contain only one granule, which in some cells seems to be in divi- 
sion. Slightly longer rods have more granules. The further develop- 
ment in the first place consists chiefly in the reproduction of the 
type of cell that has been described. In thin parts of the preparations, 
the new cells are found in small groups, and from one preparation to 
another it is possible to see that the group has grown. After some 
hours’ incubation, one finds thin, homogeneously stained rods of 
variable length appearing in among the thick, stout, granulated rods. 
After a short time, a large number of these homogeneously stained 
rods are found to have grown to a great length and they completely 
dominate the picture. Ghost cells can only be seen here and there in 
the preparation, and the same applies to the shorter, granulated rods. 
At this point, several » control « colonies begin to swarm. 


Sioarming Period: 

So long as the conditions of growth are unchanged (medium, tem- 
perature), the preparations which are taken from the edge of the 
colony during a swarming period show a uniform picture. 

In a fresh culture at 37° C., predominantly long rods are to be 
found. A large number of these are homogeneously' stained, a number 
have irregular granules or cracks seem to appear in the microbe here 
and there. In some long, and in the short forms which arc found oc- 
casionally', the granules arrange themselves in regular transversal 
hands. Tire proportion between the homogeneously' stained and the 
granulated rods may vary considerably' from one preparation to an- 
other if the technique is not accurate and uniform. The reason for 
this is, that in the peripheral part of a culture in S. P., one finds both 
cells which have settled and cells which swarm towards the free agar 
surface over and between those at rest. If one cuts out a piece of agai 
from the edge and takes a very light impression, one finds predomi- 
nantly' long homogeneously' stained rods. If the preparation is ta vcn 
with insufficient care, however, one gels also a larger or smaller num- 
ber of granulated rods of variable length. If one makes, for examp c. 
three impressions of the same piece of agar beside each other on a 
slide, a definite variation in the cells is found from one impression « 
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A liUIe later on. few or no long forms with regularly arranged graruilcs 
arc to be found, but all arc short and contain two or a few granules. 
The short rods ha%'e one granule at each end and each of these there- 
fore represents half the transversal band. 

At a point when the preparations show practically only .short, gra- 
nulated forms, some long forms arc still to he found, })ut these arc 
without arranged granules and do not slain well. They are probably 
pathological or dead cells — - a matter which will he dealt with in more 
detail on another occasion. 

As the development continues, short, homogeneous forms will soon , 
appear among the granulated ones. These are new .swarmer.s l)eginning 
to grow' once more. 

The development in question occur.s during the colony’.s R, P. — a 
designation w'hich is therefore not applicable to the cells: for lhe.se, 
it must he, regarded as a period of nniUiplication and differentiation. 

Parallel with the study of the life-cycle of Proteus growing on agar 
surface there w’as also carried out a study of the development of Ihe 
cells in fluid medium, namclj' broth. The broth cullurc w’as incubated 
at 37® C., and with one hour intervals the growing cells were studied 
both in .stained preparations and in living preparations. 

The cellular development seems to be exactly the same in fluid 
medium as on agar surface. In preparations taken after 6 hours in- 
cubation there were found lots of swarmers in a jnixturc of cells al 
all different stages of division. J3iU naturally in such a mixture it is 
very difficult to follow the development step by step as on the surhvee 
of a solid mediuni. 


Mechanism of Diuision and the Intra-celhilar Granules: 

As is evident both from stained preparations and, still heller, from 
direct microscopic study of the .swarming microhe.s on the ag;\r-plale, 
all tlie individuals in this phase arc of great length. There are ccrlainiy 
some variations, hut no short forms swarm. The length may in the 
least exceed 30 mm. The number of organized granules varies with the 
length. There may he 16 — and perhaps still more. It cannot dcfitiitcly 
he .slated that an even number of granulo.s is invariahie, hut it looU.s 
as if this should he the ease ^Y!lh microhe.s with quite regularly ar- 
I'angcd granules. Occasionally' one finds celKs xvilh irregular spacc.s. 
It may be that the distance between the granules i.s unusually great ■ 
or llial rather large numbers of granules have collected on one scclifUi. 
It is difficult to know wliclhcr this is because the arrangement was 
not finished when the preparation was taken, or because there are 
cells with .some abnormal or pathological links, 

Tlic divi.sion of Ihc microbe lakes place in the middle of the gra- 
nules. 'Hie single individuaUs which originate from a kmg .swarmer 
in tins way have a granule al each end, and each of lliwe rcpre-scnls 



half a silicic granule in the original cell. A somewhat rcmimkabic 

„;.c,.omo,.on ocers »l ll.c cods of H.c swamm; 
lakes place in llic middle of the lerminal granule — .so llial llic pen 
pheral slump which breaks off thus gels only half a r.dosc« 
in comparison lo Ihc olher links. In cerlain eases il looks . s if H is 
send piccc« consists of one granule only — m other cases it has ac- 
quired some protoplasm. II is not improbably that Ihc furlhcr division 
of Ihc segments with a granule at each end occurs m such a manner 
that such »monogranular« individuals again break off al the ends. 

What happens lo the end-pieces — whclhev they arc not capable 
of living or whclhcr they are very imicli capalilc of living — is not 
known. Nor is il impossible that il is from Ihcsc tluil the long swarmers 
originate. 


The granules might be thought lo represent: 

1. Glycogen. 

2. Compressed cytoplasm on account of fal-dcposils. 

3. Volutin. 

4. Nuclear apparatus. 

1. Since il was not possible lo demon.slrale Ihc granules by staining 
with Liigol’s solution, glycogen could he excluded, 

2. The extreme precision and speed in the formation of the granules 
would hardly seem lo he the re.sull of prc.ssurc from fat bodies — ■ 
which are usually varialilc both in shape and size (I.M. Lewis). 
Fat bodies cannot he stained with water soluble analinc stains. If 
it had been fat, these granules, which in lliis ease would have re- 
presented compressed cylopiasni, would have liccn equally clearly 
visible with any analiiie slain. This was not the ease. When siained 
with c. g. methylcnblue, the microbe appears almost, if not quite, 
homogeneously siained al all slagcs. 

3. The sj'slemalic arrangement speaks also against volutin. As far as 
the shape and arrangement of the volutin granule go, the same ap- 
plies as lo fat. The decisive lest was tlial llie granule was insoluble 
in water al 80" — 100" C., so that volutin could be excluded. 

The glycogen-, fat- and volulin-conlenls in microbes have been 
studied thoroughly liy many bacteriologists. In his survey and lalile 
of the microbes which form the Jln-ce cell inclusions nicnlioned, 
/. il/. Uiuis has not included Proteus. Franz A'eninan, who has made 
a close study of cell inclusions in Proteus, maintains that iliis 
microbe never forms volutin. 


4. Nucleus: 

The impressive system and order wlzicli was found on (he forma- 
tion and division of these granules naturally led on lo the que.slion 
of whether it \yas a bacterial nnclcus that they represented. 

By using Gicmsa slain and carbol-fiicli.sin on preparations whicli 
were taken simultaneously, il was found tliat al the stage wlicn 
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the carbol-fuchsin preparation was homogeneously stained the 
Giemsa preparation was also homogeneously basophilic. A prepara- 
tion taken at a phase when the rods, stained with carbol-fuchsin 
were seen to contain regularly arranged granules, showed that rods’ 
stained after Giemsa had alternately eosinophil and basophil seg- 
ments — a condition analogous to nucleated ceils. 

Peulgen-Rossenbeck’s reaction for desoxyribonucleic acid is non- 
thought to be probably a decisive criterion in the question of whe- 
ther a nucleus is present or not. A number of bacteriologists and 
botanists who have worked with this reaction, have shown that 
Proteus belongs to the microbes in which intra-cellular bodies 
containing desoxyribonucleic acid may be observed. 

By the use of this reaction, it was found that the swarming 
forms homogeneously very weakly blue-grey stained, so clearly, 
that the microbe was easily visible under the microscope though 
not sufficiently clearly' for photographic reproduction. 

In other phases of the development, regularly arranged granules 
were found quite analogous to carbol-fuchsin and Giemsa prepara- 
tions — (photo). It is found that only' the granules are stained and 
the rest of the microbe is only just perceptible as a boundary against 
the surroundings. The conclusion from this must be an assump- 
tion that in the swarming phase the microbe has its desoxyribo- 
nucleic acid, its nuclear material, distributed in the protoplasm, 
that this collects and arranges itself in segments in which divi.sion 
takes place. 

One might give a tentative explanation of the condition of the 
nucleus of the swarmers by' assuming that the latter originate from 
the ahove-menlioncd »cnd pieces^. Their gene material would then 
consist of only half a dose of nucleus and possibly be incapable of 
division. Instead they grow into the long swarming rods. During 
swarming an exchange of nuclear material conceivably might oc- 
cur between different 5>monogranular« cells, which after this pro- 
cess become capable of division, 

Tlie cellular development may also be studied to .some cxlcr.l 
in living microbes. Instead of a slide placed in the Isottom of Pe.ri 
dishes, wc used large cover-glasses which were covered with a 'cry 
‘thin tayer of agar. After 3—4 hours drying at 37 ° C., the agar nas 
inoculated beside the cover-glass. When the swarming zonc.s hm 
reached a point some way' over the cover glass, ihi.s was cut out 
and the overswarmed region covered with a thin cover glass. Sue i 
preparations were sufficiently lliin to he studied in dark grouiu 
illumination. 

On the whole, llie swarming forms looked homogeneous, hid 
in some ,intra-cel!ular, stronger light-refracting bodies were to he 
seen. By this method it was also found that the microbes ni d. ■ 
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,Ud noL remain quite etiii. No« and Ihen they 

qnd forwards a IHUe. changed posilion or turned shghUj. In g 

preparations, it rvas possible lo sec 

meils and peristallic conlraclions along li.e microbe. The inlra 

cellular bodies evenlually become as orderly ‘ „ 

on a string, and division often occurs m several places. Some cells 
which arc practically divided, may move round somewhat uith n 
the field. Then it often looks as if the separate fragments arc not 
co-operating properly and the thin »bridgc« which holt s icm 
together thus gels severed. 


Section III — Swarminp- 
(Movcmcnls of the Microbes on Agar Surface.) 

Method: Either a slide or a large cover glass embedded in agar- 
plalcs. Inoculated as described above. E.\pcn7ncnt carried out with 
cultures incubated at different Icmperalurcs (c. 22" C., 27" C. and 37" 
C.). During a suitable phase of the spreading, llie slides were cut out, 
placed on Uie stage of the microscope. The swarming was observed 
with a dry tens — 80 — GOO limes magnification — and oil immersion 
and dark ground at magnification of 900 — 1500 times, llie phenomenon 
is verj' interesting and exciting. It is difficult to describe it and the 
only method of demonstrating this teeming life, for those who per- 
sonally have no opportunity lo spend lime or energy on their ow'n 
e.xperimenls, is lo use films. As shown in Section I, diagrams II and 
III, the stale of dryness of the medium plays the l)iggesl role in de- 
termining the width of the swarming zone, which becomes large on 
soft plates and decreases with increasing dryness. 

When a colony swarming on a fresh, comparatively soft agar is 
placed under a microscope with magnification of about 80 limes it 
looks as if numerous tongues protrude from the edge. Tliey stretch 
outwards and often tear themselves quite free. They sail a little out- 
wards like an ice-floe, almost always to direct their course back again 
towards the mother colony. In their wanderings, they leave behind 
them small dots here and there, whilst the main mass spreads out and 
settles just under the edge. Some j>longucs« may go right hack and 
re-establish contact with the mother cotony. Certain writers have most 
aptly compared this picture wdth coastal scenery, with fjords and 
numerous islands outside. 

When a tongue is observed with magnification of 4 600 limes, 

it is strange to see how all the individuals lie in one direction. Bent 
around the tip of the flock there is usually a long rod ~ as if intended 
lo prevent splitting. During swarming, individuals fail away, in some 
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places in small groups, in others rod after rod arranging themselves 
in line, so that it looks like a long filament. (Such chains in the im- 
pression preparations may lead to confusion and he mistaken for 
thread-shaped forms). It often happens that most of the individuals 
are left behind, whilst a few rods, or perhaps only one, drive further 
with a cross-lying rod in front of the »how«. If two or more groups 
collide, it may happen that the one steers right through the other 
without changing course. A number of individuals may part from the 
one group and follow the other. A common phenomenon when two 
groups hump together is that they drive on in a circle for a time. While 
a large group is swarming in a definite direction, one or more rods 
may suddenly be seen — usually in the middle of the group — begin- 
ning to drive back right against the stream. 

In an incredibly short lime, both larger and smaller groups have 
spread over, and covered a field of vision. 

On a dry agar, it looks as if the microbe has greater difficulty in 
spreading. Few or no tongues stick forward from the edge, according 
to the degree of dryness. It is possible to sec that the swarmers wander 
backwards and forwards in a circular course by the edge and seem to 
roll and push out sideways. Seen with low magnification, the edge 
of the colony may become somewhat wavy, but one secs no ^islands* 
ouside, as one does on soft agar. The strange phenomenon that de- 
tached groups always wander back towards the mother colony should 
signify that the colony prepares areas around itself somehow or other 
and that the swarming cells turn round when they emerge from this 
region. On very soft agar, it is possible to see that some small group.s 
quite lose contact w'ilh the mother colony and sail several cm. for- 
wards over the plate before settling. 

The single microbe’s movement and the question of which organs 
it uses to crawl forwards are of the greatest interest. In this connec- 
tion the discussion must lead on to the subject which, at the moment, 
is very topical — the significance or very existence of the flagella. A 
number of observations in this field will be treated in another work. 

Historical Survey. 

In 1885, G. Hauser described a microbe he had isolated from putre- 
fying meat. On account of the very variable morphology shown by this 
microbe, Hauser called it Proteus. He described three different types. 
Proteus Vulgaris, Proteus Alirabilis and Proteus Zenkeri; but after 
having studied the microbe more closely he came to the concUi.sion 
that the two last were actually only variations of the first. 

Hauser cultivated the microbe on gelatine plates and found that 
it po.sscssed the following properties: 

1. It liquified gelatine. 

2. Its morphological appearance varied from short rods to long, 

thread-formed rods. 
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The long thread-forms were capable of spreading oyer the mediinn 
Swarming, as he calls this phenomenon, he states to he one of t 
characteristic properties a microbe must have in order to be cla - 


sified as Proteus. 

4. The long rod-forms he found at the edge of the colony; in the centre, 

he found only short forms. ' _ „ 

Hauser has given a classical description of the swarming cells. 1 he 
fact that he was unable to follow more closely either the cellulary life- 
cycle or, in connection with it, the periodicity in swarming, is certain y 
due to his not knowing of agar as a medium. When cultivated on 
gelatine, which Proteus liquefies, the periodicity in swarming will be 
but little marked. It is, however, probable that Hauser was also aware 
of this phenomenon. He has also described intra-cellulary bodies in 
the long rod-forms and bipolar granules in the short. 

Despite the fascination of this phenomenon of swarming, there 
are very few bacteriologists who have given the subject any closer 
study. 

O. Moltke, who in his monography on Proteus (1928) gives a de- 
tailed account of the microbe’s biochemical and serological contents, 
treats the morphology of the microbe far less thoroughly. O. Moltke 
verifies the pleomorphism Hauser described as so characteristic of 
Proteus, and by cultivating the microbe on agar, showed that only 
the long rod-forms swarmed. Moltke came to the conclusion that the 
swarmers occur in a colony when the condition of life are no longer 
optimal — (accumulation of toxic products — deteriorating, worse 
conditions of nutrition). The swarming itself Moltke has treated in 
great detail; the cellulary development, on the other hand, he has not 
paid particular attention to. 

Russ-Miinzer, who says that Hauser has dealt with swarming so 
accurately that nothing hut confusion has resulted from all further 
treatises on the snbjecl, raised the problem, as to why the swarming 
Proteus forms zones. To solve it, she used the following technique": 
The centre of an agar-plate was inoculated with a 24-hour Proteus 


culture. The zone’s outer limit was marked on the plate every hour. 
In this way, she found out the periodicity in swarming and states that 
at 37“ G., it takes 4 hours from the beginning of one swarming-period 
to the beginning of the next, with approximately the same length of 
time for swarming and rest. At a lower temperature — e. g. at room 
temperature — she found that it took about 24 hours from the start 
of one swarming period to the next. She does not state whether the 
prolongation falls in the swarming- or the rest-period. 

In the long rods, Russ-Miiunzer found regular more strongly stained 
parts, and states that the microbe seems to be constricted at the 
strongly stained parts. She touches on he question of whether the 

in more detail. The homogeneously stained phase is not inentioimd 
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Russ-Miiunzer believes that the swarnicrs are a product of changes 
in the milieu and that their »purposc« is to direct the microbes over 
to new »pastures«. When swarming has reached the edge of the plalc, 
one no longer finds the long rod-forms, »for then they no longer have 
any puri)ose«. She thinks that long rod-forms are not developed in a 
fluid medium, for here too they have no »purpose«. Tliis last assertion 
must rest upon theoretical considerations rather than on experimcnlal 
studies. Further, this writer believes that tlic type of cell-forms found 
in the inoculum has no influence on the swarming-period. This is con- 
sistent ^vith the findings in experiments described in the first section 
of this present work, if one does not take the initial period into accounl. 

The granules which are found in Proteus have engrossed many 
bacteriologists. Some, or perhaps most, of them, if one goes back some 
years, have interpreted granules as involution-forms, whilst during 
recent years, the interpretation has centred increasingly around the 
nucleus. 

Franz Neuman draws the following conclusions from his experi- 
ments on the nucleus contents of bacteria: Firstly that in young cul- 
tures of Proteus, pyocyanus, coli, bact. mycoides, anthracis and Azolo- 
bacter chroococcum, chromatin can be detected in the form of a 
"nucleus-like structure, and secondly that no cells capable of dividing 
are to be found without chromatin. 

Largely on account of his studies of Proteus with Feulgen miclcar- 
rcaction and in Giemsa preparations, Neuman came to conclusion thal 
he could »state with certainty that division of the nuclcus-subslancc 
in diffuse morphologically indetectable form never occurred.« 

That Neuman was not aware of the Proteus cell in the homo- 
geneously stained phase must be due to the fact that he did not know 
of the cell’s life-cycle and that he always took his preparations a de- 
finite time after the making of the culture, at a stage when he would 
ahvays find granulated forms. As he believes that the cells that are 
capable of dividing must have chromatin arranged in the form of a 
nucleus, it is possible that he has been aware of the homogeneously 
stained cells and interpreted them as being incapable of dividing- 


Discussion. ' 

Tl)o microbe dealt with in this work, Proteus Hauser, is named 
after its ever changing morphology and colony appearance, and tins 
properly has also been the subject for the present study. 

Variation in the morphology of a microbe, owing to changes m 
conditions of life, is a natural phenomenon. It must also he 
that factors which exert an influence on the single cell must also > - 
flucnce the entire population — the colony. Tlicrcforc, a desenp lOi 
of the morphology' of a microbe and its colony appearance rnus ncc 
sarily he accompanied by particulars about the conditions of i e. 
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This study has indicated that Proteus under appropriate condi- 
tions has a life cycle and that variations in the appearance of the cel s 
lorresp?nd to certain steps in the development. Under unfavourab e 
conditions as in a hroth culture which has been incubated for several 
days, the living cells appear as very short rods only, or more or less 
as coccoid forms. In preparations from such a culture the well stained 
Ihdng cells are found scattered among pale ghost cells. From such 
conditions brought onto a favourable medium, the cells to start with 
repair and prepare their general condition, and then commence a 
simple division. If the conditions of life are sufficiently good, the cells 
produce a new type of offspring — the swarmers. 

Some confusion seems to be connected with the swaimers. Thus, 
O. Moltke came to the conclusion that the swarmers occur in a colony 
when the conditions of life are no longer optimal. Also Russ-Miinzer 
believes that the swarmers are results of a deterioration in the milieu 


and that their »purpose« is to direct the colony to new »pastures<:<. 
Russ-Miinzer even states that the swarmers are not developed in fluid 
medium, for there they have no »purpose«. This last statement is de- 
finitely not correct. (See Section II). 

In this study one came to another conclusion than those of Moltke 
and Russ-Miinzer regarding the swarmers. As shown in Section I, the 
swarmers appear and in larger numbers on a favourable medium, and 
even in several relays in the same area. In a less favourable medium, 
one must presume that the conditions of life deteriorate more quickly 
than in a better one, and according to the opinions of Moltke and 
Russ-Miinzer, it should be expected that the swarmers would develop 
more quickly and in larger numbers in such a medium, but compari- 
sons proved this not to be the case. Also the fact that toxic substances 
(phenol, narcotica) in small doses prevent the development of the 
swarmers, whereas much greater doses are required to prevent growTh 
altogether, shows the swarmers to be the most delicate cells. 


One of the central problems in this study has been the granules 
Avhich suddenly appear in the swarmers, and also are found in the 
short cell forms during the growth period. Already Hauser observed 
intracellular granules, and explained it as an im’olution phenomenon. 
Up to the latter years, most bacteriologists who have dealt with Proteus 
give the same explanation. 

By the Feulgen-Rossenbeck nucleal reaction, electron-microscopic 
studies and other modern mehtods, strong evidence has been produced 
that the bacterial cells are nucleated. (Piekarski, Caspersson & Co. 
Knaysi & Co., Tulasne & Vendrely). With these methods, a number 
of authors have examined Proteus and found this microbe nucleated 
In the present study also, the conduct of the nucleus, (the granu- 
les), at the different stages of the described life cycle has been dealt 
AM li- It bas been shown that the swarmers in the actual swarming 
phase are homogeneously stained (Feulgen stained), u'hich means that 
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the desoxyribonucleic acid must be present in diffuse, morphologically 
undetectable form. Before division, the swarmers become bcadctl. anil 
the division takes place through the middle of the granules. At the 
ends of the swarmers, a somewhat remarkable phenomenon occuns. 
Here loo the division takes place in the middle of the terminal granules, 
so that the peripheral stumps which break off receive only half a dose 
of granula in comparison with the other links. What happens to the 
monogranular end-pieces has been discussed. 

The movement of the microbes on the surface of agar has heen 
dealt with briefly. This field is being subjected to further study. 


Summary. 

1. Studies on pleomorphism and swarming in Proteus arc reported. 
Evidence is presented that the microbe has a life cycle, and that 
variations in the morphology in the individual cells and of the 
colony correspond to definite phases in this life cycle. 

2. The cells in old broth cultures arc short and plump. After inocula- 
tion on an agar plate, a colony is formed in the course of an initial 
period, which the cells use to improve their general condition, in- 
crease their volume and produce intracellular granules, after which, 
division commences. When multiplication is w’cll under way, new 
types of cells are produced — the so-called s^Yarmers. These arc 
long slender homogeneously stained rods, which spread out and 
come to rest again in the zone around the colony. On soft media 
the number of sw’armers is large and the zones wide. 

S. Swarmers which have come to rest develop regularly spaced intra- 
cellular granules. Division of the swarmers takes place through tlic 
middle of these granules, a number of short rods being formed. 
All short forms — except the end-pieces — have one granule at 
either end, which represents half of a granule from the mother 
cell (the swarmcr). The end-pieces contain half a granule only. I he 
short forms divide in the usual manner, and eventually produce 
new swarmers. 

4. The intracellular granules give a positive Feulgcn nuclcal reaction 
and must be assumed to contain desoxyribonucleic acid. It must he 
assumed that they represent the nucleus of the microbe. 

It is suggested that the sw'armcrs may he related to the ahove- 
menlioned end-pieces. 
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Explaualion of Micrnidmlographs. 

The Method used in the study of the life-cycle in Proteus is de.«cribed in 
Section 11. Stripes were cut out of an agar-plate culture which hatl heen 
incubated IS hrs. at ,37*' C., aud kc])! for 15 days at room temperature, and 
were used to inoculate fre.sh agar-plates with careful imiiression. 




Fig. I. 

proi)aration made from one of the 
inocula before incubation. Scattered 
among pale ghost cells were found 
•strongly stained short rods and coc- 
coid bodies. Magn. GOO X. 


Fig. 2. 

Preparation made, after short time 
of incubation at 37" C. The well 
stained cells have increa.sed in vo- 
lume. .Magn. GOO X. 
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Fig. 3. Pig ^ 

After one liour’s incubation. — Same preparation as No 3 

Strongly stained rods of variable Magn. 1500 X 

length are found amongst ghost 
cells. Magn. GOO X. 



Fig. 5. 

After about two hour’s incubation 
the rods had produced intracellular 
granules. Magn. 1500 X. 



Fig. 7. 

,\fter t.irtlior incubation the grou])s 
liave grown, and a new typo of cell 
— a slender hoinngcncously stained 
rod — appears among the granu- 
lated stout rods. It is the first hatch 
of swarmers. Matrn. GOO X. 


Fig. a. 

In tliin parts of preparation no. 5. 
(he new cells were found in groups. 
Magn. COO X. 





Fig.S. 

pjTparation no. 7. Magn. loO'! r-. 



47 



The swarmers are increasing in size 
and number. Magn. GOO X. 



Fig. 10. 

Preparation made half an hour 
after no. 7. Mature swarmcr-s com- 
pletely dominate picture. Magn- 
GOO X. 



Fig. H. 

The same preparation as no. 10. 
Magn. 2500 X. 



The preparation taken at the start 
of the rest period. The swarmers- 
have become beaded. Magn. GOO X. 



Fig. i3. 

The same preparation as no. 12. 
Magn. 1000 X. 



Division of the swarmers just star- 
ted. Magn. 1000 X. 
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my. IS. 

Preparation taken half an liour after no. 32, Division of the swaniicns iicarty 

completed. Magn. 3500 X. 



Fig. 16. 

A siwnrmcy of great JengtJi containing 10 regularly spaced pran^ll('^. 

Magn. 4000 X. 
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Fig. n. 

A swarmcr in division at several places; also tlirough tlic lerminal grntnilum. 
Tlie end-piece lias very little protoplasm. Note also the abnorni length of 
the second link from the left. Magn. 2500 X. 



Fig. IS. 

A swarmcr in division. IMagn. 1000 X. 


Act.i path. Vol. XXVI, 1 
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Fig. 49. 

The final stage in tlic division of swarmers^. 
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Fig. 20. 

.nlLrrii sflined preparation taken at Hic same stage 
,ulgcn an even numher of i 


Magn. 4000 X. 
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as no. n. .Ml individual 
grannies. 


fhom the state seiwm institute Copenhagen. 

FHOM j^inECTOll: onsKOV. 


SEROLOGICAL STUDIES ON GONOCOCCI. I. 

TECHNIQUE. GONO-REACTION OE »NORMAL« RARRI IS. 
SEROLOGICAL RELATION BETWEEN GONOCOCCI AND 
PASTEURELLAE. 


Hy Alice Hr.ijn. 

(Received for pulilicalioii .Inly UHS.) 


Inlrodnction. 

Most workers agree tliat the gonococci constitule no serological unity, 
i. e. they can ho divided into more or less constant types. Some in vest ign tons 
point out the ])roblcms whicli occur hecause of vardahility of tlie antigens and 
occurrence of transitional forms (Ilennanies (1!I21), Torrey A Rnckel! (15122). 
.\tkin (15)25), Casper (15)38)). 

As a rule, complement fixation ami agglntinalion tests, together with 
.absorption, liavc been omi>loycd for classification of the strains. 

Chemical methods have also Iieen employed witli prei)arntion of fairly 
well-defined substances from gonococci (poly.saceharides, nncleo-pi-otein, ginro- 
lipoids) — e. g. Casper (15)30 — 15)37), Boor A Miller (15)35 — 105 5), Stokingor, 
•Ackerman & Car))enlier (1055), Uroma (1053). Uroma contends that he ims 
been able, by means of a specific polysaccaride, to establish four well-defined 
serological types of gonococcus, whereas Slokinger, .Ackerman A Carpenter 
are unable to demonstrate any specific polysacchiiride, and are rathei' in- 
clined to consider nuclco-prolein the most im])ortant cellular elcinenl. 
However, they found no tyjie specific component. .Apart from the still un- 
confirmed results obtained by Uroma, the previous investigations have shown 
that tlic question of classification of the gonococci into types is still an ojien 
one. 

In May 1950, at the Danish State Serum Institute, I started to work nut 
a practical method for typing gonococcal strains )>>• means of immune sera. 
In spite of previous rather discouraging experiences, I still hoped it might 
prove possible, in this way, to arrive at a positive re.sult. At that time it was 
easy to obtain many newly-i.solatcd gonococcal strains, as Reymann (1911) 
had just systematised the cultivation of gonococci in this country ns a 
diagnostic method. 

-According to Casper, the preparation of specific polysaccharides ni)])enred 
to be very circumstantial and to require n large amount of growth. Fvirther- 
more, by (his method about ■50% of the strains could not bo classified It 
seems preferable, therefore, to use a more direct method, so that the strains 
in question are handled as little as possible. 
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In spite of the emplo}inent of quite recently-isolated cultures, this incthotl 
was found to involve many practical difficulties. Among other thiU” wnr 
conditions made it hard to obtain the agar required. Under such comli’tions 
it was difficult to keep up the continuity of the e.vperimcnts 

Furthermore, while this work was going on. we had practicallv no acres-' 
to foreign literature. Unfortunately, we were also unable to obtain anv .slrain.s 
from other countries. (For a literary review, .see .Alice Ileyii, ]!li7)’ 


1. Definition of the Material. 

The present studies cover about 700 gonococcal strains collected 
from May 1940 to February 1944, and isolated on modified McLeod 
medium (with addition of about 10 % ascites fluid (Rcj-inann, 1941)). 
The bacteria met the following requirements: Gram-negative diplo- 
cocci, characteristic »coffee-bean« shape, isolated from the urethra 
cervix or vagina of patients suspect for gonorrhea. Further, all the 
strains, with the exception of 43 aty^pical ones, were capable of fer- 
menting glucose but not maltose or lacvulose. 

The strains were stored in two ways: 

a. In semi-fluid 0.2 % broth agar covered by liquid paraffin; trans- 
ferred cverj' 3 — 6 months; stored in incubator at 37°. 

b. Ascites-broth culture; dried by cold-vacuum after Flosdorf 
Mudd (1935, 1938); stored in refrigerator at 4°. 


Both methods result in losses in the form of dead cultures, but the drying 
method offers the advantage of being free from transfers of the culturn.s, tbu.s 
avoiding the possibility of contamination and mistakes in the labelling of 
the tubes. In addition, it saves a good deal of work, culture medium and 
space in the incubator. Finally, it is also practical for mailing purposes. The 
drying method thus appears to be c.vcellcnt, and the capacity for giwvlli of 
such cultures has been lost only in about 10 % of the ampules, even after 
storage for more than 3 years. 

There is no essential difference in the influence of the two methods on 
the bacteria — neither serologically, nor with regard to the chemo-resistanre 
of the strains in vitro. 

As has also boon pointed out by other inve.stigators, the cliemo-re.«istnnfe 
may be increased by growing the strains on media containing sulpbntbia'/ol. 
The antigenic structure of the strains is independent of the degree of cbemo- 
rosistanco, the orignal as well as the artificially-increased. 


2. Serological Technique. 

TTic cornplemcnl-fixalion test employed for the .serological cxaini- 
nation was carried out with the technique given by Marlin Kristcn.scn 
(1930). 

a. Sennn -— .Vs a rule, rabbits (weighing about 2 kg.) were iimnuni.^ed with 
formalin-killed gonococci tsusiiendod in buffer saline. pH (••!!', uilh a 
addition of 0.5 9^ formalin, incubated for tliroc hour.s at .37'’). , , 

The first dose was 1 cc. of a suspension containing WOO iriillrori iKicU'ri.i 
per cc. = Standard 8 (Wulff, 1031). while the second and foliowine dn-=e,- 
were 3 cc of the same suspension, all injected intravenously. 

Standard 8 corresponds to about 1000 million bacteria if the 
is made up of F.. coli or Staph, anreu.s. In work with other baelerm. Ilie lim n 
inav be corrected bv means of the coiTcction values recorded by runnincii.- • 
A timothv (I93{). For gonococci and meningococci, the ficinv ii.is 
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afSorS“nclS^ 

V..,.wea by ..eart p* 


was 


were obtained from one rabbit, while other ri 


maTpurcturrTf T^^^ of serum was required, the rabbi was 

S \ra” aTaIler 4^ weeks, when a small sample ol Wooa had shown 
ihe time to be suitable. As a fule, a litre ot 10-12 d^reos of potency was 
obtained. (With regard to these degrees, see the description of the complement 

fixation test given below). < • t t 

At first, one or two rabbits were immunised ^vith the same strain, inaier 
on 2 — 4 animals were used per strain so as to eliminate differences in titre 
due to the varying capacity of the rabbits for antibody production (cf. Kauff- 
mann (I9i0) and Erna Morch (1943)). 

Serum was inactivated for 30 minutes at 56® and stored (without addition 
of any disinfectant) in frozen state at -t-8® or for shorter periods at + 4 . 
Generally it was found that the original titre could be kept in this way for 
several years. 

Several normal rabbits showed a positive gono-reaciion (GR), on which 
account all rabbits were examined with a view to this possibilitj’’ prior to 
the immunisation, so as to exclude the »spontaneous« positive reactors. The 
positive gono-reaction of normal rabbits will be dealt with below (Section 4). 

Titration of the serum was carried out as follows: 1st tube, 0.025 cc. 
undiluted serum; 2nd tube, 0.025/3 cc. serum; 3rd tube, 0 025/9 cc., and so on. 
For practical reasons, 0.025/3 cc. and 0.025/9 cc. are transferred to the tubes 
as follows: — 0.05 cc. undiluted serum is mixed in a mixing tube with 0.31 cc. 
of 0.9 % saline, and 0.06 and 0.02 cc. respectively of this mixture are placed 
into tubes No. 2 and 3. 

b. Antigen — An 18—20 hour culture is suspended in 0.9 % saline to a 
density of 20000 million bacteria per cc. The bacteria are killed by heating 
to 56® for 20 minutes on water-bath, and then the antigen is stored in re- 
frigerator at -i-8® Mdthout addition of any disinfectant. Culture medium — 
thick broth agar plates with addition of 33 % human ascites fluid. The antigen ' 
is adjusted to the optimal dose for homologous (or heterologous) anti-gono- 
coccal sera. Dose employed — 0.30 cc. diluted antigen with addition of com- 
plement corresponding to 1 haemolytic unit. The antigen is diluted in a buf- 
fer solution pH 7.38. 

The experiments showed that for some (? most) antigens there was an 
optimal zone, within which the. fixing capacity was maximal. Other antigens 
could be used only within a very narrow range, as a rule in a dose which 
was just not anti-complementary. 

^ million bacteria per tube will give maximal fixation, 

but such a dose will be anti-complementary in about 20% of the cases 

antigen had to be increased more in relation to the dose of 
coinplement if the same percentage of haemolysis was to be obtained. 

individual complement dose in the strongly anti- 
complementary antigens made it possible to use the latter in higher cLcentra- 
Iup expense of the fixing capacity. At the same time, the optimum of 

e antigen became »broader«, and this again decreased the ri<;k nf tuo » 
comple^nlars. tinaeniy because ol error! in 

Antigens prepared from young cultures were not nnti i ' 
as antigens made from older cultures anti-complementary 

Addition of undiluted inactive guinea-pig seinim to the complement-fixing 
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also impaired tlic fixint: 


reduced tlie anti-complemcntavy tendency, but 
capacity, 

c. Blood Cells - 2.5% suspension of red sheep cells in equal part, of 

saline and Iiuffer saline with pH 7.38. i ' i. oi 

d. Ambocepio?- — Scrum from guinea-pigs immunised with kichiev enuil=mti 

from gumca-pjg. Dose employed here — 3 X haemolytic dose as determined 
by daily amboceptor titration. ^ 

e. Complcvicnt — Fresh guinea-pig serum, »tilre« determined dailv, cor- 
responding to 1 haemolytic unit in the presence of antigen in the test tutu? 


In practice, the test is performed as follows: 

First, the serum is titrated in 4 or 5 lubes. Then an antigen dilution is 
made up in buffer saline — for instance, 0.1 0 cc. concentrated antigen (2(K)0f) 
bacteria per cc.) is added to 15 cc. buffer saline (this amount corrc-sponds to 
50 test tubes; Q.30 ce. X 50 = 15 cc.). Complement is added to the mixture, and 
then 0.30 cc. of the antiger-complemcnt dilution is transferred to each lube 
(40 million bacteria) b}' means of an automatic syringe. Then the tubes are 
shaken thoroughly. The tubes are then left standing at room tempcratvirc for 
45 minutes, then at 37” for 45 minutes. To each tube is added 0,20 cc, of a 
suspension of blood cells sensitised as follows; — 

To a 5 % stock suspension of vasbed sheep cells in buffer saline is aikfed 
an equal volume of saline containing 3 X haemolytic dose of amboceptor. 
0.20 X 50 = 10 cc. of this suspension is necessary for 50 tubes. 

After shaking, the test tubes arc loft standing on wator-batli at 37” for 
1 hour. The tubes. arc stored in the refrigerator overnigbt. 

On tlic following day the percentages of liaomolysis arc read, the value.i 
obtained being compared with a scale of haemolysis prepared as follnu’s: 
A few cc. of clear rod fluid arc coUcclcd from tubes with complete haemolysis 
(for instance, serum controls). Quantities of 050, 0.40, 0.30, 0.20 and 0.10 cr. 
of this fluid arc placed in tubes of the same sir.c as employed in the fe.<l 
(Wassermann tubes), and the volume is made up to 0.50 cc. in all the liibes 
by means of distilled water or saline. This gives a colour scale witli 100, SO, 
GO, 40 and 20 % liaomolysis, from wliicli the percentages of hacmolysi.‘^ in the 
tost tubes can be read by direct comparison. 

Volume of contents of each tc.sl lubes: 

Serum: 0.025 cc. undiluted — diluted 000 at tbe most. 

.Antigen: 0.30 cc. antigen diluted in bnffei’ saline containing compleinnit 

corresponding to the »titre«. 

Rod Colls; 0.20 cc. with addition of 3 X amboceptor titre. 


Total: about 0.50 cc. 

From tbe jiercentages of liacmolysis read on the following day, the dcgic 
of jiotoncv of the reaction is calculated after the method given In • ai in 
Kvistensen (19.30), the degree being defined as ttie value for n in the fnriniila 
a = 0.02,5 X 3 required to make n exactly the volume "f ■‘'■”5""' 
taiuiug just eriougli aiilihody to give a minimum reaction, i.e. f'O'Jr 
lysis. This holds good when the exiiorimeiit i.s adjusted ^'Ilo)•n)all^ 
is liardl.v ever the case, a correction based on control ser!i willi kiionn '.i i' 
(see lielou) may he emiiloyed. 

'fhe haemolysis percenta.ues are converted info doi'rco.-i of ; 

of a ii.cliding riilo«, on wliich the haemolysis percentages coi/e.^pu 
the more rommon results are entered on a movable rr,,^ 

responding degres of potency are given on the fixed .'•c.i 



. ^ n in 5 >n 100 % haemolysis are 

Q j g 10 (sec the following drawing). — 
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entered on the scale 


If all the complement-fixation tests arc carried out with seycrnl rojitrol 
sera of Unoion potency, it is iiracticahlc, on the average deviation from the 
standard values, to correct the experitncnlal values olilnined hy means of 
the movable scale. If, for instance, the average deviation of the control sera 
is + VC), tlic scale is adjusted so that the haemolysis percentage (10 =• 1). 
which in «nonnal<! tests without deviation stands at the level of T on the 
fixed scale, now stands at tlic level 0°, 

Variation in the results of comiilcmcnt-fixnfion tests may be due to several 
causes; primarily to variations in the preparation of the complornent-antigon 
mixture and the haemolytic system, and further, to accidental errors in the 
titration of llio serum and to tlic addition of antigen and liacmolytic systein 
with automatic syringe. Tlic systematic variations may he adjusted hy 
employment of control sera of known potency that are titrated together with 
the other sera in the same ex]ieriincnt. Using control sera in connection with 
coiTcction of his haemolytic scale, iti.irlin Kristcn.sen estimates the miean 
orror« to be i/o — 1°. 

In the present work, control sern have not boon employed sy.etematically. 
Instead, an attempt has been made to eliminate the exiierimental variation 
by taking all the reactions to lie comp.arcd as far as possible on one day. 
The »daily capacity« was about 1000 tost tubes. 

It lias not been possible to make corrections for accidental errors. However, 
exclusion of such errors has been ensured by repetition of the tost in cases 
where the result diffired from what was expected, or in sudden pronounced 
deviations from the results of tests wilh gradual changes in various com- 
ponents. 

Furthermore, in cases with results deviating from those of previous tests, 
allowance has been made for correction on tlio basis of control sera using 
during the taking of ordinary gono-rcaclions in the Serum Diagnostic De- 
partment. 

Finally, various control tests were made continually, vis: — the ability 
of the serum to prevent the complement from acting ‘without addition of 
antigen^ anti-complemontary effect of (he scrum; and the same ahilitv of (*) 


(*) Degrees of potency. 
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of the antigen witliout addition of serum = anti-complcmcntarv effect on i!»- 
antigen. In the following, these two kinds of control will he desienated 
seTUTJi coTitvol find ciTitiffcti conivol respectively. 

From preliminar 3 " complemonf'fi.vation e.Mpcriment with 10 gonococcus 
strains picked out at random and the corresponding imimiiie sera it was 
evident (as e.xpected) that the direct complemcnt-fi.xntion reaction was insuf. 
ficient for tj'ping of gonococci, on which account I went on to making absorn 
tion experiments. ' 


3. Absorption Technique. 

The absorptive antigen consisted of a suspension of formalin-killed 
gonococci in buffer saline with pH 7.38. This antigen was stored al 4". 
The densit 5 ’^ of the suspension was about 20000 million bacteria per cc. 

The serum was inactivated rabbit scrum, diluted 1:10 with saline 
(for practical reasons) or, in the later experiments, undiluted guinea- 
pig serum. 

After centrifuging the absorptive antigen (3000 — 5000 r. p. in. for 
1 hour), either in ordinarj’ Wassermann tubes (about 1.5 X G cm) or 
in tall tubes of the same diameter (about 1.5 X 10 cm), the super- 
natant fluid was pipetted off with a Pasteur pipette. Any remnants 
of fluid on the sides of the tubes or just above the sediment were re- 
moved with a strip of filter paper, so that in the process of absorption 
the serum could not be diluted to any particular degree. 

The serum dilution (as a rule, 1.5 — 2 cc.) was placed over (he sedi- 
ment, which was suspended carefully. The mixture was then allowed 
to stand at 4® until the next day. The absorption could just as well 
have been carried out by leaving the mixture at 37® for 30 niinulcs. 
but for practical reasons the other procedure was crnploj’cd. 

After centrifuging as mentioned above, the diluted scrum wa.s 
withdrawn carefully with a Pasteur pipette. 

The absorption dose was determined in some preliminary experi- 
ments. As a rule, it was 6 — 8 — 10 cc. antigen (120000 — 20000 million 
bacteria) per 10 cc. of scrum dilution. After the absorption, the scrum 
dilution was titrated as follows: 1st tube, 0.075 cc.; 2nd tube, 0.025 cc.. 
3rd lube, 0.25/3 cc., and so on. 

In this work, » emptying'*: of a scrum means that the complcincnl' 
fixing antigen corresponding to the absorptive antigen docs not rend 
with the absorbed serum, whereas »complctc absorplioni means that 
neither the heterologous (absorbent) nor the homologous (immunis- 
ing) antigen reacts with the absorbed serum in complcmcnt-fixalion 
tests. 

As far as possible, the immunising, complcincnt-fixin.g, and ah- 
.sorplive antigen preparations were prepared at the same time. 

In control tests witli absorption of anti-gonococcal sera willi cn- 
lirclv different bacteria (c. g. Gram-negative rods such as paralyjilum 
B and Salmonella Newport), at the most 1—2 dcgrce.s of potency were 

removed. 
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Cvoss-absorplioii cxiicriincnls with 7 strains and their corrcsi)ond- 
ing sera showed the presence of at least G partial antigens, viz. one 
antigen common to all gonococci (species antigen), Avhich for the pre- 
sent will he designated as a, and at least 5 partial antigens that arc 
strain- or type-specific. 

The designation of the antigens was carried out after pairwise 
consideration of antigens and sera, as illustrated by the following 
example: 


- - - - 

Cnmpli'iiipnt j 

ftomplfini'nl 


lixnlioii wilii j 

llmliim willi 


millKi’ri: 1 

X y 1 

HutiKcn: 
y X 

Unahsorhed Scrum X 

++ ++ 1 

I'nahsorheil Seriim Y -|--r 

Absorbed with antigen x 

I 

1 

.Absorbed with antigen y — 

> ' * y 

+ - j 



In this example, strains x and y h.ave antigen a in common, as 
both the corresponding sera react with both antigens. However, in ad- 
dition, X must possess a partial antigen b, wliich y is not able to re- 
move from Scrum X, while y must po.sse.ss a partial antigen c, wJiicli 
X cannot remove from serum Y. Thus, the nniiffcn components are 
designated with small letters, the corresponding anlibodtj components 
with capitals. 


Unfortunaloly, the absorbed sera were often anti-cornplrmrnlanj, making 
it sometimes impossible to interpret the results properly. On this account 
various atjempts wore made to countcnact this tendency.' Centrifuging for 1 
hour at loOOO r.p.m. was found not to counteract the anti-comt)lomentnrv 
tendency, and the same applies to ah.^orption of the scrum in active .^tat'e 
and inactivation of the scrum after absorption 

h’oatment of the absorptive an'tigen with inactive avinea-vin 
scrim abolished or lowered the anti-compJcmentari/ tendcncu of ah.sorhed 
tho samc tune some of the fixations were weahened. Tlic iiropor- 

tion of absorptive antigen to guinea-pig scrum was 1 — 2 or 1 1 

The lioniologoKs fixations were preserved almost vnehanricd 

was^mSstb^'rg\°U"S lUc diluted serum that 

of the serum. ^ aiiti-eomplcmentary tendency 

complemLtmy amgj S^pn^cTulVo ^su^/ mlinS’’ 
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Further, the course of the absorption in homologous and hetero- 
logous sera was investigated, as well as the relation between the ab- 
sorption dose. and the degrees of potency removed in various sera The 
result was as follows: 

Homologous absorption gave an abrupt decrease in potency ir- 
respective of the antigen employed for the reaction. 

Heterologous absorption gave a fairly abrupt decrease in potency 
as measured with the absorptive antigen, but a less abrupt decrease 
as measured with the homologous antigen, and probably, as a rule, 
a constant »remaining reaction«. 

In some sera it was possible, by heterologous absorption, to obtain 
a gradual decrease in the homologous remaining reaction, in spite of 
reaction being lacking with the absorptive antigen in lower absorption 
doses. 

Generally speaking, the absorption appears to proceed just as easily 
in strong sera as in weak ones. 

4. Positive Gono-reaction in hNormal« Rabbits. 

As mentioned above, serum from non-immunised, apparently nor- 
mal rabbits was often found to cause reaction with gonococcal antigen. 
This phenomenon has been mentioned previously by a number of 
authors (e. g. Torrey, Watabiki, Pearce, Tulloch, Vollmond, Segawa, 
Cohn, Lentz & Schafer, and Casper), but so far the question has not 
been elucidated thoroughly. Stokinger, Carpenter & Plack (1944) men- 
tioned that normal rabbit serum dissolves certain cellular components 
of the gonococcus', this may perhaps be interpreted as an antigen-anti- 
body reaction, but is probably due to autolysis. 

It was found that normal rabbit serum gave as strong a reac- 
tion with newly-isolated strains as with older ones (10 fresh and nu- 
merous older strains were tested) — cf. Tulloch (1922), who claimetl 
that it was particularly rabbit sera with older cultures that gave 
strong reactions. 

Altogether about 1000 rabbit sera were examined because, as men- 
tioned, only rabbits giving a negative gono-reaction were used for 
immunisation; and only about 30 % of the adult rabbits examined 
gave a negative reaction. 

The age of the animals was found to play a r61e in the appearance 
of the positive gono-reaction. About 90 % of the quite young animals 
(7 — 8 weeks old) showed a negative gono-reaction, whereas a nega- 
tive reaction was seen in only 42 % of the older rabbits (4 -5 months 
old) (altogether 90 rabbits were examined for determining this parti- 
cular feature) . . . 

Probably this difference between younger and older rabbits signi- 
fies immunity to some kind of infection, past or present.^ 

Several experiments showed that this positive reaction does no 
.signify any tendency to »non-specific« complement-fixation, bus, or 
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instance, a positive Wassermannreaction, which may occur in »nor- 
mal« animals is not parallel with positive gono-reaction, and the posi- 
tive gono-reaction can be removed by absorption with gonococci with- 
out simultaneous abolition of the positive Wassermannreaction (»Was- 
sennann antigen«, Morch 1933). 

Furthermore, experiments were carried out to ascertain whether 
the antibody giving tlie positive gono-reaction is always the same (per- 
haps corresponding to antigen a common to all gonococci), or whether 
several partial antibodies are involved. Direct complement-fixation 
tests indicated that it was undoubtedly the same antibody that reacted 
in all these cases. Eight normal rabbit sera W’ere tested with 8 sero- 
logically different gonococcus strains, and the reactions of the various 
sera with the different strains were surprisingl 3 ’^ uniform. 

In order to investigate further into this question, a normal rabbit 
serum (with positive gono-reaction) was observed with a number of 
different bacterial antigens, viz.: in addition to two different gono- 
coccus strains, a haemolj-tic streptococcus (Group A, Ij’pe 17), a strain 
of micrococcus catarrhalis, and an accidental strain of Staph, aureus. 
Onlj' the gonococcal antigens were able to empty the serum completely. 
Like the direct complement-fixation test, this result indicates that the 
positive reaction is due to an antigen common to all gonococci. 

M. catarrhalis, streptococcus, staphjiococcus and pneumococcus 
{Type 1) antigens were able to remove some of the reaction. This was 
not surprising as far as m. catarrhalis antigen is concerned, as anti- 
genic relationship between gonococcus and m. catarrhalis has been 
demonstrated previously (c. g. Reyn, 1943). As to the pneumococci. 
Boor & Miller (1931, 1934) found a certain relationship betw'een these 
bacteria and the gonococci, as nucleo-protein prepared from gonococci 
reacted with anti-pneumococcal sera corresponding to Types 1, 2 and 
3, while polj'saccharide prepared from gonococci reacted with anti- 
pneumococcal scrum corresponding to Type 3, and also with serum 
corresponding to rough pneumococci. 

The results obtained with the streptococci and staphylococci are 
more difficult to explain, especiallj’- as these strains did not react with 
serum in direct complement-fixation test. 

Summarising these findings, it maj' be said that practicallij all 
gonococcus strains arc able lo remove the »false« positive gono-reac- 
tions from normal rabbit sera, whereas a number of other bacterial 
antigens are incapable of doing so- 

The consequence of these experiments must be that in immunisa- 
tion of rabbits there is no risk of coming across »non-specific« anti- 
bodies aimed against gonococcal antigens other than the common 
antigen a. However, while this part of the work was going on, I was 
afraid for a while that perhaps non-specific antibodies might be pi'O- 
duced in rabbits during immunisation \vith gonococcus antigen, even 
though the gono-reaction was negative at the commencement of the 
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m nu nisation. Such auUbodics might conceivably interfere ^vilh the 
establishment of antigenic formulas unless they corresponded to the 
antigen a, common to all gonococci. If so, all gonococcus strains ^voldd 
1)0 able to remove the antibodies, which would then play no role in 
this connection. 

This was one of the reasons why I went on to use guinea-pig sera 
mslead of rabliit sera (for details, sec the next paper). 


The next step was to investigate some of the bacteria which are 
known from experience to be found in rabbits showing no sign of di- 
sease, as this seemed to be the easiest way of securing the bacterium 
or bacteria that might be the cause of a positive gono-rcaction in 
»norinal« rabbits. 

One micro-organism of this category is B. septiebaemiae, hae- 
morrhagicac (Paslcurclla), which several workers state maj' be iso- 
lated from the nose and throat of rabbits apparcnllj' perfectly bcallb.r 
or having onl.y slight coryza. 

Hanger (1927) found that Pastcurellae could always he isolated 
from rabbits with coryza. He examined the cutaneous allergy in ex- 
perimental rabbits among which infection with Pastcurellae appeared 
cndemicallj'. Most of the animals gave allergic skin reactions to intra- 
culaneoxis injection of Bcrkefeld filtrate of Pastenrella broth culture 
— which was indeed not strange. On the other hand, it was striking 
that filtrates from colon, influenza and meningococcus cultures pro- 
duced allergic reactions in the same rabbits. Guinea-pigs gave irregular 
or negative reactions, and rabbits younger than 3 weeks gave negative 
reactions. 

March & Krogh-Lund (1931) also found antibodies (agglutinin) 
against Paslcurclla in serum from apparently normal rabbits. 

Miller & Castles (1933) examined the skin allergy in rabbits given 
agar foci containing gonococci (6 strains), meningococci (2 strains), 
m. calarrhalis (1 strain), and Pastenrella (1 strain supplied by Web- 
ster) respectively. The authors found overlapping allergy in animals 
with foci of gonococci and meningococci, and also, to some extent, 
with m. calarrhalis, hut no cross reactions in Pasteurellae or any of 
the remaining 3 bacterial species. These experiments were carried out 
on rabbits free from coryza. 

In the following, descriptions of serological and bacteriologica 
studies on the relationship between Pasteurellae and gonococci vil 
be given. 

5. Serological Relationship between Gonococci and Pasteurellae. 

a. Serological Studies on Laboratory Strains. 

On examination of a number of »normal« rabbit sera and guinea 
pig sera in complement-fixation tests with 8 different Pas eine a 
antigens prepared from 8 Pasteurella strains isolated at t e 
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Scrinn Inslilulc, Copcnhngcn, a high percentage of the rabbit sera 
^^•crc positive. The technique wjs the same as described aho^e lor 

the gonococci. ' . . , , o t P TT 

The various Pasteurclla strains arc designated as 1 . 1., 1 ■ li 

P. VUI. Of these strains, P. I and P. IV showed the highest percentages 
of positive reactions with rahliit sera — 62 % and 75 % respectively. 
.■\s was to he expected, the percentage of positive gono-rcactions xvas 
also higli — ■ ‘12.3 %. 

.hist as with the jfalsci gono-rcactions, considerably more positive 
reactions — • for instance, to P. IV — were obtained in the older ani- 
mals than in the younger ones, as illustrated by the followings: — 


So. of 1 
attUimls 1 


1 f. IV n.; 

: pnsilfv#» 

1 P. IV a.: 

1 iioiibiriii j 

P.IV a.: 
(intiliirul { 

P. IV !l.: 
iiru.'ilivc 

2.'i 

7— S weeks 

ajiprox. 1000 gr. 

19 (aver. 2.7 °) 

0 

G (24 ".o) 

.30 

11-12 r 

MOO-IGOO 

13 

0 

17 (57»;o) 

2.^1 

.no 

12-M > 

n]iprox. r> 

lOOO-lSOO 

17 

G. 

2 ( S« o) 

i:io 

uiontlis 

2.100 j 

48 (aver. 3.G 

0 

2 ( 4 %) 


In addition, there was a distinct correlation between positive gono- 
reaction and positive P.IV R. (and P. I R), except that the Pasteurella 
reactions were stronger than the gono-reaclions. 

.•V nuinher of immune sera (anti-pasteiirellar and anti-gonococcal) 
were then tested with both Pasteurella and gonococcus antigens. Both 
guinea-pigs and rabbits were immunised with the S Pasteurella strains 
- allogcllicr 78 guinea-pigs and 1.3 rabbits. Several sera from animals 
immunised with P. I, P. Ill, P, IV and, to a lesser degree, P. V and P. VI, 

reacted with gonococcus antigen 12954 (»Tvpec see 

the following paper). 3’hesc overlapping reactions were particularly 
evident with P.IV sera, and all these sera (15) gave fixation with the 
gonococcal antigen, just as the ordinary gono-rcaction (with poly- 
valent gonococcal antigen) was also positive. This corresponded to 
the fact that P. IV, which showed the highest reaction percentage 
among jiiormak rabbits, was the strain found to have most in com- 
mon with gonococci. 

^ ’riicn anti.gonococcal sera were tested with Pasteurclla antigens 
I'ir.st .39 sera from guinea-pigs immunised with different gonococcal 
strains were tested liy coinplcinenl-fixation lest with P. V, with nega- 
live result. 3'hen the other strains were employed in tests both with 
guinea-pig and rabbit sera. 


1' h- — coniplpiiient-fixalion with P. IV. 

■' III,' fiiriires in lir.ackt>ts give ilie degr.-e.s of potency. 
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On account of llie varying tendency of tlic Pasteurella antigens to 
react with scrum from snormal animals, complement-fixation with 
guinea-pig and rabbit sera will be mentioned separately. 

P. I, P. II, P. Ill and P. IV reacted ratber strongly in the 5 guinea- 
pig sera examined, whereas P. V, P. VI, P. VII and P. Ill reacted only 
weakly or not at all. This means that gonococci and certain Pasteurella 
strains are scrologicallg related. 

Rabbit sera also gave a number of positive reactions, but these are 
not as convincing as the results obtained with guinea-pig sera, because 
»normaI« rabbit sera, for instance, give a positive P. IV reaction in 
76 % of the cases examined. 

Immunisation with Saltnonella Newport, paratgphoid A and B (6 
guinea-pigs per antigen) did not produce antibodies against Pasteurella 
or gonococci, 'riicrc was one exception to this rule, however, as the 
serum from one animal immuni.scd with paratyphoid B proved to react 
very strongly both with gonococcal antigen and with Pasteurella an- 


Table t. 

Crn.'ts-nbsorption Experiment mith Gnnocneri and PasteureUac in 
Guinea-pig and Babbit Sera. 

(Experiment performed on llfli .Tamiary, 1015.) 

Sera absorbed on 10/1 — 11/1 101.6. 

Values recorded = degrees of potency. 

Native guinea-pig serum/129,61: serum from guinea-pig imnnmisccl witii 
gonococcus strain 120, 61. 


1. Gonococcus immune sera: 


Non-abs, guinea-pig .sorum/12,0,61 

» ral)l)it serum/iSTlOG 

Guinca-jjjg serum/12951 absorbed homo- 
logously 

Rabbit serum/.3719(i absorbed bomolog. 
Guinea-pig sorum/12.9.51 abs. with Past 

No. IV 

Rabbit scrum/3749G abs. with Past, 
No. IV 


Complement-fixation with: 


CinnopocPUK 

Pii>il<’uri-1I.T 

.Serum 

(IioinoloRUs) 

No. IV 

control 

10V2 

101/. 

0 

ir> 

Wz 

0 

0 

0? 

0 

0 

0 

0 

s 

0 

0 

12 

0 

0 


2. Pasteurella immune sera: Gonococcus 

IIS'U 

Non-abs. guinea-pig scrum/Past. No. IV 

» rabbit serum/Past. No. IV Wz 

Guinea-pig scrum/Past. No. IV abs. with 

Gon. 11391 0 

Rabbit scrum/Past. No. IV abs. with 

Gon. 11391 0 

Guinea-pig serum absorbed homolog. . . 0 

Rabbit scrum/Past. No. IV absorbed 

homologously % 


Pnstciirclla 
No. IV 
(lionioIoRUs) 

9 

^ /2 
G 


SV2 

0 


0 


Seriinr 

conlro] 

0 

0 

0 

0 

0 

0 
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tigen XII (see below). Unfortunately, this animal was destroj'cd before 
the serum was examined, so that no bacteriological examination could 
bo carried out. 

Since it had now been demonstrated by direct complement-fixation 
that possibly there was a serological relationship het'ween certain 
Pasteurella and gonococci, absorption experiments were carried out. 
As it was impracticable to investigate all the Pasteurella strains in this 
way, one — viz. P. IV — was selected for these experiments. Table 1 
gives the results of some absorption experiments with gonococci and 
P. IV, together with the corresponding sera, both with rabbit and 
guinea-pig sera. 

In direct complement-fixation tests, the anti-gonococcal and anti- 
pasteurellar sera reacted with both antigens; the homologous titres 
were higher, but the heterologous were also fairly high. 

Assuming that there was no antigenic relationship between the 
two bacterial species, it would seem conceivable that the reaction P. IV 
with anti-gonococcal serum was due to an accidental infection of the 
animal with P. IV during the immunisation with gonococci. If so, the 
direct complement-fixation test would show a reaction of the serum 

Table 2. 

Cross-absorption 'Experiment tvith Gonococcus Strain 1295^/, Pasteurella /V 
and m. catarrhalis 465 in the corresponding Babbit Sera. 

(Experiment performed on IGtli January, 1945.) 

Sera absorbed on 15/1— lG/1 1945. 

Values recorded = degrees of potency. 


Gonoenreus 

Oiomoloj?.) 


Non-abs rabbit serum/Gon. 12954 ffi 

Abs. homologously 0 

Absorbed with Past. No. IV 9 

» » m. cat. 374 /2 

" » Salm. Newport . . 13 


Complement-fixation with: 

Pnsl. . Microroc. S.nlnionolln 
No. IV cni. Newport 

13 0 0 

0 0 0 

0 0 0 

10 0 0 

12 0 0 


Gonoroccos 
No. 129,=i4 


Non-abs. rabbit serum/Past. No. IV 91/, 

Absorbed with Gon. 12954 0 "" 

» homologously 0 

» with m. cat. 374 0 

" » Salm. Newport ... 9 


P.nsl. 
No. IV 
(hoinoIoR.) 

12 

6 

0 

9 


IIV 2 


Micrococ. 

cat. 

0 

0 

0 

0 

0 


Salmonella 

Newport 

0 

0 

0 

0 

0 


■Seriun 

control 

0 

0 

0 

0 

0 

Scrum 

control' 

0 

0 

0 

0 

0 


tinnororcus 

- ^ , No. 12954 

JNon-abs. rabbit serum/m. cat. 465 0’ 

Absorbed with Gon. 12954 0 

>' » Past. No. IV .....' . 0 

» homologously 0 

» with Salm. Newport ... 0 


M. cnt. Snlmonf'lln 


No. I\ (liomoloc.) Newport 


Scrum 

control 


64 


%vilh gonococcal anligcn and P, !V aniigcn, while absorpiion with 
gonococcal antigen wotild remove only the fixation with gonococcal 
antigen, and the P. IV reaction would remain. 


As a matter of fact, both the homologous and the heterologous re- 
actions were rcmaued bij homologous absorption from the anti-gonococ- 
cal sera as well as from the anli-pasteurellar sera — and this is in- 
dicative of antigenic relationship. 


Heterologous absorpiion removed only a small part (about 3 degrees 
of potency) of the homologous reaction of the sera. Thus, besides 
their common aniigcn, tliere must he other antigenic quota, specific 
to gonococci and P. IV respectively. 

As some relationship had been demonstrated previously between 
gonococci and certain strains of in. calarrhaiis (e.g. Reyn, 1643), it 
seemed obvious to look into the possible relation beUveen m, calarrhaiis 
and P. IV. Table 2 gives the results of cross-absorption experiments 
with the following strains and the corresponding rabbit immune sera; 
gonococcal strain 12954, P. IV and m. calarrhaiis. For control, the sera 
were also absorbed willi S. Newport. 


Ak /?.: Tlie m. calarrhaiis anti-serum was produced by immunisa- 
tion with m. calarrhaiis No. 455. As mentioned before, however, this 
strain had died, on which account another selected strain, No. 374, 
had to he used for the absorption. 

This experiment showed that gonococcus strain 12954 and P. IV 
presented greater serological relationship than between m. catarrhalis 
and strain 12954 and P. IV respectively. 

In direct complement-fixation tests, the gonococcal strain and 
P. IV reacted with a high litre in each other’s sera, whereas m. catar- 
rhalis gave fixation only with the m. catarrhalis anti-serum, which 
in return reacted neither wilh gonococcal strain 12954 nor with P. IV. 
The serological relationship between gonococcal strain 12954 and 
P. IV was confirmed by the absorptions, and it is only reasonable to 
assume that the sera examined contained abundant antibody cor- 
responding to the common antigen, as the homologous reaction on 
heterologous absorpiion decreased by about 6 degrees of potency in 
both sera. 


In spite of tlierc being no reactivity in direct complement-fixation tests, 
m. catarrhalis removed up to 3 degrees of potency 
tlie P. IV reaction both from serum 12954 and serum P. IV, while ab P 
with S. Newport made practically no difference to -the reactions. 


The m. catarrhalis serum could be emptied only of m. 
antigen, ivhile gonococcus strain 12954, P. IV and S. Newport left the 
fixation with m. catarrhalis antigen unchanged after absorp lo 



G5 

Tlic antigenic formulas of the 3 bacteria examined might, for in 
stance, bo illustrated as follows; — 

Gonococcal strain 12954: ajO^x 

P. IV; 

M. catarrhalis 


in which a^ is bigger than a,. . , . . , 

In the preceding, the mutual gonococcal antigen is designated as n. 
Probably it would be more reasonable to assume the serological rela- 
tionship between the three bacterial strains to be limited to antigen a, 
which might possibly consist of some quota such as, for instance, a, 
and a„ while x, y and z represent the antigen (juola specific to the 
respective species. 

Gonococcal strains 12954 and 11394 were not the only gonococcus 
strains capable of complement-fixation in a number of Paslcnrella 
sera in direct tests. Several other strains of different »lypes« (see the 
following paper) were examined, and proved lo react in the same way 
— .which was to be expected if the antigenic relationship was due lo a, 
a^aj respectively. 

In addition, 5 anti-pastcnrellar sera (corresponding lo P. IV — P. V) 
were absorbed with 3 gonococcal strains of different serological »lype« 
and with in. catarrhalis 374. 'Hie four antigens removed from 3 — 6 
degrees of potency of the homoiogous reaction of the sera, even though 
the corresponding antigens in direct coinjilcmcnl-fixalion tests have, 
in some instances, .shown negative rcaclions. 

In order lo ascertain whether the serological relationship between 
gonococci and PasteurcHae were solely due lo the mutual gonococcal 
antigen (s), or whether other partial gonococcal antigens might be 
found in PasteurcHae, antigen prepared from P. I — P. VIII was tested 
with /'actor sera (see the following paper), homologous anfi-pasleurel- 
lar serum and 2 anli-gonococcal sera corresponding lo strains 12954 
and 2 c (used in the production of factor .sera III and IX). The antigen 
was examined after healing to 56'' and lOO" (cf. experiments of similar 
character with gonococcal antigens to be reported in a suhscqucnl 
paper). 


P. IV reacted (3—5 degrees of potency) svilh factor scrum VI, 
corresponding to »antigen 56"« and ?>antigen P. IV and P. VII 

gave a weak reaction (about 2 degrees of potency) with factor serum 
XII, but only corresponding lo »anligcn 100'’«. 


As a matter of fact, practically all the homologous reactions were 
about 3 degrees of potency stronger with »antigen 100"« Ihan with 
yanVigcn 56'>«, just a.s in several ca.ses the anli-gonococcal sera gave 
a negative reaction with ^antigen SO"* and a positive reaction (about 
2 degrees of potency) with »antigen 100®«, 

Thus, the experiment shows that gonococci and Pastcarellae occa- 
^tonallij have some pariiai aniigens in common. 
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Direct complement-fixation tests with gonococci and Pasteurellae 
together with their corresponding sera (various strains), performed 
with antigen heated to 56® and 100®, showed that. the overlapping 
reactions wmre strongest wnth ^antigen 100®«. In this connection, it 
may be mentioned that Jessen (1933) states that the results from a 
single complement-fixation test with »boiled« meningococci and go- 
nococci were more »non-specific« than the results obtained with the 
same antigens heated to 60®. Similar results were obtained by Miller 
and collaborators (1943) with heat-killed meningococci. 

P- 1 — P. V and the corresponding guinea-pig sera were examined by direct 
complement-fixation tests, each serum being tested with 5 antigens. In this 
way, the homologous were always found to be stronger than the heterologous 
reactions, which in some cases were entirely negative. Cross-absorption ex- 
periments showed no identity between any of the 5 strains — which indeed 
seemed most probable after the direct complement-fixation tests. 

Without entering further into the antigenic structure of these strains, it 
should be mentioned that P. I and P. IV were closely related, and that P. II 
occupied a position by itself, as the P. II serum reacted practically only with 
the homologous antigen; in addition, the homologous reaction of this serum 
could only be removed by homologous reaction. 

Previous experiments had shown that many P. I and P. IV sera, but no 
P. II sera, reacted with gonococcal antigen. 

Conclusion: Normal rabbit sera often react with certain Pasteurella 
strains, and the positive reaction is correlated with positive gono- 
reaction. 

Direct complement-fixation and cross-absorption experiments show 
that at any rate certain Pasteurella strains and gonococci are closely 
related. This serological relationship is chiefly due to the fact that the 
antigen common to all gonococci occurs also in certain Pasteurella 
strains. 

Some Pasteurella strains and certain gonococci have partial anti- 
gens in common, other than the antigen common to all gonococci. 

As a rule, the overlapping reactions are stronger with antigen 
heated to 100® than with antigen heated to 56®. 

All .the Pasteurella strains examined were different. However, the 
two strains most closely related to the gonococci were also closely 
related to each other. 

b. Bacteriological Studies on Pasteurella Stock Strains and Strains 
isolated from Rabbits at the State Serum Institute. 

The next task was to isolate Pasteurella from our stock of rabbits. 
These experiments were carried out between December 1944 and Fe- 
bruary 1945. At first, nasal cultures were made from the rabbits by 
means of an ordinary cotton swab, without preliminary treatment of 
the nasal mucosa. No Pasteurellae were isolated in this way. On the 
other hand, some strains of m. catarrhalis were obtained that reacted 
neither with homologous serum nor with gonococcal serum. 

tf* 
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Meyer (1928) has recommended instilling one drop of 1 % silver 
nitrate solution in each nostril and taking cultures after 3 days. He 
claims that this method offers better possibilities of finding Pasteurei- 
lae. 

However, even using Aleyer’s technique, I did not succeed in iso- 
lating any Pasteurella-like bacteria until I used a thin, flexible, twisted 
\\nre for collecting material from the nasal cavity. After wiping the 
vestibule of the nose with an ordinary swab, the thin wire was passed 
several centimeters up into the nose, gentle pressure being required to 
overcome a sphincter-like resistance at the entrance to the nasal ca- 
vity proper. 

7 Pasteurella-like strains were obtained from a total of 33 adult 
rabbits (almost in pure culture) (2 »strains« were obtained from one 
rabbit). Macroscopically and microscopically, these strains resembled 
Pasteurellae. The cultures had a characteristic, somewhat-acid odour 
of the same kind as P. I — P. VIII cultures. Further, on agar the colo- 
nies showed a tendency to »grow down in the plate«, which somewhat 
impeded the preparation of antigen. Blood plates gave a better and 
easier yield of antigen than did ascites agar plates; for, in spite of 
abundant growth, the latter gave only a relatively slight yield of antigen 
— owing to the »down-growth«. No haemolysis was noticed on blood 
plates. On suspension in 10 %, 5 % and 2.5 % taurocholate, the bac- 
teria were dissolved within 10 minutes. 

These bacteria w'ere small, non-motilc. Gram-negative rods, which 
fermented the following sugars without gas production: sorbitol, xy- 
lose, maltose, salicin, saccharose, glucose, and mannitol. They were, 
however, unable to ferment adonit, dulcite, arabinose, rhamnose and 
lactose. There was no indole formation even on massive inoculation of 
the tubes and incubation for several days. In comparison, it may be 
mentioned that P. IV, which pi*eviously had been identified as a Pa- 
steurella strain, was also incapable of indole formation in some experi- 
ments (March 1945 and May 1945), whereas it showed pronounced 
indole formation in June 1945, even using the same batch of broth as 
before. 

All the isolated strains were of the same fei-mentative type. How- 
ever, the two strains that were isolated from the same rabbit were 
not quite identical, as it took one of them 3 — 4 days' to show typical 
fermentations. The colonies of the two strains differed also in ap- 
pearance, the strains of one colony being strikingly small and mucoid, 
while the colonies of the other strain were concentrically striped. 

Clinically there was no connection, for instance, between the pre- 
sence of coryza and a positive result of the cultures; some of the 
animals had a fairly mild degree of coryza but appeared otherwise to 
be well. Besides coryza, one rabbit had also conjunctivitis, and another 
rabbit showed ulceration at the nose; these two rabbits (Nos. 6216 and 
6219) gave positive cultural results. 


5 * 
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Furthermore, 25 young rabbits (weighing about 1000 g.) were 
examined, a positive result being obtained in one only. The strain here 
was fermentatively identical with the first strain isolated. 

As mentioned above, no indole formation by the strains could be 
induced in indole broth (casein broth with pH 7.7, diluted with two 
parts w'ater) (for details, see Kristensen, Lester & Jorgens (1925)). 
This is rather striking, as most authors consider indole formation an 
important criterion, even though Lignieres (1900), Voges & Proskaiier 
(1898), Busson (1921), Jones (1922), Magnusson (1914) found strains 
that did not form indole. Morch & Krogh-Lund (1931) think that this 
may have been due to the composition of the broth, or that the bacteria 
mentioned might not have been Pasteurellae. As already mentioned, all 
the strains were fermentatively identical, showing even fermentation 
of salicin. Morch & Krogh-Lund (1931) examined 153 Pasteurellae 
strains of different origin, and none of them was able to ferment this 
»sugar«. The same has been reported by many others authors (e. g. 
Kauffman, (1933)), whereas Tanaka (1926) found 16 strains, all of 
different origin, and all fermenting salicin. 

In spite of the deviations mentioned, I am of the opinion that it is 
still justified to regard the strains isolated here as true Pasteurellae. 

Conclusion: — From nasal cultures from 33 apparently healthy 
rabbits, 7 yielded growth of Pasteurella-like bacteria which were iden- 
tical fermentatively. 


c. Serological Studies. 

All the Pasteurella-like strains isolated from »normal« rabbits were 
found to be probably serologically identical also. Further, they reacte 
only weakly with a number of different anti-pasteurellar sera, and vice 
versa. This does not indicate that the strains are not true Pasteurellae, 
as »crossing« of other true Pasteurellae often gives very weak hetero- 
logous reaction or none at all. 

These Pasteurella-like strains (P. IX— P. XVI) showed a lower 
reaction percentage with normal rabbit sera than did, foi ins anM, 
P. IV, and correspondingly only one of the immune sera produce wi i 
the new strains (P. IX) gave a weak gono-reaction. 

Discussion: Many »normal« rabbits show^ a positive gono-reac lo , 
and this » spontaneous « gono-reaction is found to be distinctly re a e 
to the positive reaction \yith various Pasteurella antigens, especia 
P IV. . t 

’ Direct complement-fixation tests and cross-absorption experimen s 
show that at any rate certain Pasteurella strains and gonococci 

closely related serologically. orpntiv 

A Pasteurella-like organism was isolated from some app 
perfectly healthy rabbits in the stock of the State Serum Ins i u e- 
organism was not serologically or fermentatively identical wi 
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of the Pasteurella strains that had shown serological relationship with 
snnncocci Of 6 guinea-pigs immunised with this strain, only ^ S 

fv ith sera” from .normaU rabbits that were Itnoavn to 
give positive gono-reaction and positive reaction ivith IV. 

It is thus reasonable to assume that this strain contained only a 
slight amount of the antigen common to gonococci and some Pa- 

steurellae. 

It still seems justified, however, to explain the positive gono-reac- 
tion of »normal« rabbits by stating that these rabbits are really Pa- 
steurella carriers, and that the positive gono-reaction appears on ac- 
count of antigenic relationship between Pasteurellae and gonococci. 

Even though infection with Pasteurellae is very rare in man, it may 
be that here we have one of the causes of otherwise inexplicable po- 


sitive reactions with human serum and ordinary polyvalent gono- 
coccus antigen. 


Summary. 

After a brief historical review of demonstration of serological go- 
nococcus tjTpes, a definition is given of the material (about 700 strains) 
investigated by the writer. Mention is made of the methods employed 
for storage of these strains, viz. drying ad modum Flosdorf & Mudd, 
and in semifluid agar covered by liquid paraffin. 

The serological technique (complement-fixation) is described. From 
preliminary experiments it is evident that direct complement-fixation 
is insufficient for typing of the gonococci, on which account the writer 
goes to the use of absorption. 

There is an antigen common to all gonococci (species antigen) be- 
sides a number of partial antigens ivhich are type-specific or strain- 
specific. On absorption, the rabbit sera often become anti-complemen- 
tary. Various attemps at preventing this anti-complementary tendency 
are mentioned. The best appears to be preliminary treatment of the 
absorptive antigen with inactive guinea-pig serum. Further, the course 
of the absorption in homologous and heterologous sera is investigated, 
also the relation between the absorption dose and the decrease in the 
potency of sera differing in strength. 


Many sera from apparently normal rabbits react both with poly- 
valent gonococcal antigen and with more »accidental« gonococcal 
antigens, whether they are prepared from newly-isolated cultures or 
from older laboratory strains. 

Direct complement-fixation tests and absorption experiments ap- 
pear to show that the positive gono-reaction is due to an antigen com- 
mon to all gonococci, as the reaction may he removed completely only 
by gonococcal antigen. Many normal rabbit sera also react with cer- 
am Pasteurella strains, and this positive reaction is related to posi- 
tive gono-reaction. Direct complement-fixation and cross-absorption 
experiments show that at any rate certain Pasteurella strains and go- 
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nococci are closely related serologically. This serologic relationship is 
due chiefly to the fact that the antigen common to all gonococci also 
appears in certain Pasteurella strains. 
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PENICILLIN-RESISTANT PATHOGENIC 
STAPHYLOCOCCI ISOLATED FROM THE UPPER 
RESPIRATORY TRACT 

By Jolts. Bdc and Th. M. Vogelsang. 

(Received for publication August 13th, 1948.) 

The clinical aspect of infections with staphylococci has been com- 
pletely revolutionized since the introduction of penicillini But although 
the staphylococcus is within the therapeutic range of penicillin, it is 
not so penicillin-sensitive as certain other germs, such as the gonococ- 
cus, and there are strains which are from the outset penicillin-resislent 
and others whose resistance is increased in vitro and in vivo. 

We do not at present know how great a part this quality of penicil- 
lin-resistance in staphylococci plays in clinical practice. But it may 
be assumed that certain therapeutic failures can he traced to such a 
resistance in some strains (1. 2. 3.)- 

Penicillin-resistant staphylococci occur quite frequently in the 
natural state. Spink, Ferris and Vivino (4) found that 12 per cent, 
of the coagulase-positive strains isolated from morbid processes were 
resistant. Rantz and Kirbij (5) examined 70 strains from various 
clinical cases and found 21 per cent, resistant. Meads and his colleagues 
(6) isolated 36 strains from pyogenic processes and found 15 per cent, 
resistant. Bondi and, Dietz (7) 13.9 per eent., and Blair, Carr and 
Buchman (8) found among 79 coagulase-positive strains (isolated for 
the most part from cases of osteomyelitis) resistance in 21.5 per cent. 
odegaard (9) examined 50 strains from lesions of the skin and found 
as great a proportion as 28 per cent, penicillin-resistant. 

While natural resistance seems to he associated with the capacity 
to produce penicillinase, the resistance w'hich can he provoked in vitro 
is independent of penicillinase formation. This is also a temporary 
property vvhich soon disappears when the germ is cultivated for a 
time on penicillin-free media (10). 
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On the other hand, the resistance which results from treatment 
with penicillin seems to be a permanent property, and such strains 
also produce penicillinase. This form of acquired resistance does also 
not seem to be associated with any coincident loss of virulence as seen 
in tests in vitro (8) in which the biochemical properties are also 
changed (11). 

Both the natural resistance of staphylococci and that acquired in 
vivo may raise serious clinical and epidemiological problems. Even 
though germs adapt themselves to penicillin with greater difficulty 
than to the sulphonamides, we have to face the same problems which 
W'ere raised by sulphonamide-resistant gonococci and streptococci in 
the pre-penicillin period, and we must entertain the possibility that 
the development of resistant strains or the selective survival of pri- 
marily resistant strains may come to limit the usefulness of this anti- 
biotic. 

We have been particularly interested in the occurrence of primarily 
penicillin-resistant staphylococci in the nose and throat of human 
beings. Recent and numerous investigations have plainly shown the 
great importance of air-horne infections, particularly cross-infections 
in hospital, and have thereby given present-day interest to this 
problems to Avhich one of us also in earlier studies (12, 13, 14, 15) has 
tried to find a solution. 


Material and Methods. 

Strains of Staphylicocci, isolated from the upper respiratory pas- 
sages of persons with clinically healthy throats, and of patients suf- 
fering from angina faucium, scarlatina and diphtheria wmre examined. 
A few strains isolated from pyogenic lesions of the skin, notably im- 
petigo, furunculosis and superficial abscesses, served as controls. 

After being grown in pure culture on blood-agar dishes, the strains 
were examined for haemolysis, pigment-formation and capacity to 
coagulate plasma. Rammelkamp’s method (16) was then employed 
for the determination of penicillin-sensitivity, a standard penicillin so- 
lution in 0.85 % saline solution containing 20 u/ml. being first pre- 
pared. In a series of 11 tubes, serial dilutions of 0.20 ml. of the standard 
solution of penicillin were made with 0.20 ml. of ordinary nutrient 
broth .To each tube in the series 0.5 ml. of the proper dilution of a 18- 
hour culture of the test organism was added. The cultures containing 
penicillin were then incubated at 37® for 18 — 24 hours, after which 
they were examined for turbidity. In this w'ay penicillin-sensitivity 
was examined in relation to concentrations ranging from 0.01 u/m • 
to 5.71 u/ml. In each case a control Avas established wuth series of the 
» Oxford « strain as test microbe. 


liesuU.'i. 

1„ Ihis alloBctlK-,- illli .strains nt sla,.l.ylnc..rri nrrr rs.n'"'><-' ■ 
— •)S7 rrom nose and llmnd and. as oonlrnls, d.' strains from 
nvoKcnic lesions of Jhe sUin nlre:u5y referred lo. 

All the strains induced liaeinotysis. fonnetl pi{^inenl. and eoa;;uhdet 
nlasma. The cnmhinalitMi of Ihesc three jiroperlies in one and the same 
strain is practically proof positive of a staphyloeoeeus heiuf; palhopenic 
(13, 17, IS), Exceptions l(» this rule are very rare. I able 1 .ip\es u 
pcnicilliU'Scnsitivity of the strains exainitied. 


Tiihir f. 

Tl>c Penidllin-Sensitivily of tltd Siraiiis of I’jitline.'oic Slaidiylororci, 



Nr, of ■ 

1 

0 (rC, -row tl’llll. 

vnli'niiioScjujii' 

0 17 ii tiiV ; 

S'l 11 ml. 

Staphylocorri from no.^c 
and throat 

'2,s7 

20S i72..a(7) 

2.',{ iS.7 <;■) 

•*-5 (O.sc;) 

Stapliylocoeei from pyo- 
genic proce,';.=e.'! 


21 i:CS..':c'! 

:i tfi..7(f> 

:> if 7.2 CM 

Total 

tilt; 

225 (72.5 ':■) 

2S ( .V.5 > 

.*.5 ; fs.7 


We have classified the strains in three groups according to tlieir 
penicillin-sensitivity. A sirain is re.garded as pcnieillin-serisitive when 
its growth is inhibited in concentrations n)> to 0,03 u'lnl., and it is eon- 
sidcred us ahsoliilely resistant wlu’ii it is insensitive to a ronri'utra- 
tion of 0.71 n/nd. Itetween these iiinils are the comparatively rare 
groups of strains which are inhibited in coneeutratious of 0.17 5.71 

u/inl., so the transition from sensitive to resistmil strains is gradual. 
Our observations on stapliylocoeei from throat and nose will be 
seen to tally (juilc well witli the investigations, .alrearly referred to. 
of staphylococci from j)yogenic lesions. 

A certain number of strains of slaphyloeoeei were also isoi.'iled 
from patients who had just undergone tre.atment with intramuseul.'ir 


7«f»fr -2, 

Tiio Penicillin-Son.dlivily of ]>ai?iogenic .s’lai.liylncnrei l.-olated from the .\W 
and lliroat of Pcr.-on.s \s'Jio Iiati or liiut not Iieen Treate.i with PeniciHin. 


.Mrnins' ftp,,:,- (it, s 1 o.i;. 


."'.Tt (I'ml, 


SlajiliyJoc'ocTi isniutad from 
mUroatocl jKjr.son.s 20.', 

Stapliylocoeei i.solafeci from 
ponicilliri-trcalcd por.soiis 22 


(7f,.f c;,) 
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injections of penicillin in doses of altogether one to several millioi 
units. Here we found, as was to be expected, a comparatively greater 
number of iienicillin-resistant strains. 

Although the number of strains in this group is small, it is note- 
worthy that more than half of them were penicillin-resistant. We are 
still investigating this problem. 

In 13 cases, the staphylococci were examined before and after 
penicillin treatment of the same patient. In 11 cases, the results were 
the same before and after treatment, the strains in 10 of these cases 
being penicillin-sensitive (6 derived from the upper respiratory tract 
and 4 from pyogenic processes) and the eleventh being absolutely re- 
sistant. In 2 cases there was an increase of resistance, in the one case 
from sensitivity to absolute resistance, in the other from relative to 
absolute resistance. The possibility of a cross infection cannot be 
denied with certainty as the strains were not serologically tjqied or 
bacteriophage typed, hut in these cases such an event is improbable. 
Is is conceivable that the great number of resistant strains examined 
after penicillin treatment reflects two factors, the first and surely the 
most important being a process of selection of primarily resistant 
strains, and the other being the development of penicillin-resistance 
during treatment. 


Discussion. 

Our material contains all the transitional stages between the most 
common, markedly penicillin-sensitive strains of staphylococci and 
the primarily markedly resistant strains. Other observers (9) have 
found the sensitive and the resistant strains to belong to two distinct 
groups, whereas others again (5) have found every variation in peni- 
cillin-resistance. 

Clinically speaking, it would seem that our relatively resistant 
strains (tolerating penicillin concentrations between 0.17 and 5.71 
u/ml.) can be classed as resistant, representing the very high propor- 
tion of about 28 per cent, of our material. They were unaffected by 
concentrations of penicillin in the blood or tissues between 0.1 and 
0.2 u/ml. To raise the concentration of penicillin would probably be 
of but limited value as it has been found that (5) above a certain level 
of 1+ 0.8 u/ml. an increase of the concentration hardly augments its 
action. 

It is evident that in clinical medicine more and more importance 
will be attached to the determination of the penicillin-sensitivity of 
strains of staphylococci. When a strain is found to be penicillin- 
resistant, penicillin may yet be given, for as in other infections 
(anthrax) penicillin-resistance may not prevent success with this treat- 
ment. But under such circumstances, one resorts more readily to sup- 
plementary treatment, surgical or other. And it has also been shown 
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llril slaphvlococci resistant tn penicillin may well be sensilive tn 

snlpbonamidcs (1). It has also been noted that, in Ibe 

of resistance, there is no relationship between ,.enicdlin-resist! in e and 

strcptomvcin-resislancc even though at high levels 

both we may find a slight cross resistance to these anlib.oties (11 ). 

From the epidemiological point of view we are still m doubt o\er 
the significance of the great freipiency of iienicillin-rcsislanl strains 
of staphylococci in the throat. Hut it is to be feared tbat Ibis stale of 
affairs will do nmch to iiromote the frequency of luiinarily resistant 
strains. There is a genuine risk of a marked increase in the number 
of sucli strains as has occurred, for c.\ami>lc, in the case of sulphon- 
amidc-treated gonorrhoea (10). 


Siintmarij. 

1. Investigations of pcnicillin-sensitivily of strains of staphylococci 
isolated from the nose and throat have shown that there are many 
resistant strains. In IS. 8 per cent, of 287 strains, marked resistance 
(over 5.71 udnl.), and in 8.7 per cent, (between 0.17 and 5.71 iFml.) 
relative resistance was found. 

2. In more Iban half Ibe cases examined, the strains of stapbyloeoccl 
isolated from the throats of jiatienls treated with penicillin were 
found to be penicillin-resistant. 

8. 'Hie epidemiological significance of the occurrence of iienicillin- 
rc.sislanl slaph.vlocoeci in the upper respiratory tract is not per- 
fectly plain, but we may jiresunie that this slate of affairs will 
conlribnlc much to an increase in the rreipicncy of primarily re- 
sistant strains. 
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COARCTATION OF THE THORACIC AORTA WITH AN 
ANEURYSM DISTAL TO THE OBSTRUCTION 


By Pcntti I. Haloncn and Alvari Ahn. 

(Received for publication August 13th, 19iS.) 

Aneurysm of the thoracic aorta distal to the obstruction is a very 
rare phenomenon in the presence of coarctation of the aorta. The lite- 
rature has reported, as yet, few more than ten cases, confiiiucd at 
post-mortem examination^- -> '*• "• The most frequent cause 

of death has been rupture of the aneurysm. Tlicre has been, in ad- 
dition, at least two cases which have shown clinical evidence of such 
a lesion.®) In the following we present two cases of our own. 


Case Reports. 

Case I. 

A farmer, aged 20, with a liealthy childhood, but who has since his 19th 
year suffered from headache, fatigue, vertigo, and pain in the chest. About 
one month prior to the fatal end, the patient caught tonsillitis and was 
found to have enlarged and reddened faucial glands. The blood pressure was 
190/95 mm of mercury in the arms, not measurable in the lower limbs; the 
pulse of the femoral and popliteal arteries not palpable; the Wall and Kahn 
tests negative; the blood picture showed nothing of note; the SR 1 mm/ 1 hr; 
no albumine in the urine; the Nyl. test negative and nothing significant in 
the sediments; X-ray evidence of changes typical of coarctation: erosion of 
the ribs and absence of the knob of the aorta. During 3 days the patient 
received 9 Gms of Sulphathiazol in the form of tablets, whereupon the throat 
symptoms disappeared. One day later he was discharged, the SR being 
10 mm/1 hr. At home the patient experienced a persistent fatigue and feeling 
of discomfort, which made him return to th ehospital for further care after 
the lapse of one month. The patient’s general condition was found to be 
exceedingly poor. A rough systolic munmir was audible in the cardiac re- 
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gion, the blood pressure of the upper extremities being 190/95 mm of mer- 
cury. The lungs showed no percussory or auscultatory signs of disease. The 
SR was now 60 mm/1 hr. X-ray examination, on admission, revealed in the 
left hilar region the presence of a well defined, structureless, solid mass, 
which appeared to be fused into the thoracic aorta. The lung tracings them- 
selves were normal. The patient suddenly vomited a quantity of blood and 
succumbed. 

Post-mortem examination reveals enlarged and suppurating tonsils as 
well as hypertrophy of the left heart. The ascending aorta is shorter than 
usual, the aortic arch and the vessels arising from it being normal. Distal 
to the left subclavian artery, at the point of attachment of the ligamentum 
Botalli, there is a narrowing of the aortic wall to a lumen of 8 mm in dia- 
meter. The aorta shows, further, at the site of the constriction, a narrowing 
ridge in the intima, 0.5 mm in breadth. The intima is intact. Close to the 
constriction, distal to it, there appears in the aortic wall an oval opening 
of 10 mm leading into an aneurysmal dilatation of considerable size (3 by 
3.5 by 5 cm). The intact aortic intima extends into this sac, which is filled 
with a bluish grey thrombosed mass sticking to the walls of the cavity. The 
sac is attached to the hilus of the left lung. Its bottom shows three perfora- 
tions of the size of a pin’s head, through which blood bas passed into the 
left pleural cavity, amounting to Itr at the time of the autopsy. As far as 
other organs are concerned, onlj^ a generalized anaemia is worth mentioning. 

Histological observations: Thickening of the intima in the area of the 
coarctation and fibrous hyperplasia in all the layers of the aortic wall can 
be demonstrated. In this region, the muscle fibers of tbe media show an ir- 
regular course, a fan-shaped spreading into the intima. The elastic tissue does 
not appear to be reduced. Close to the constriction, distal to it, there is a 
number of micro='’opically detectable aneurysmas, (Fig. 1), tbe floors of which 
show fibrous hyperplacia of the intima. Completely obliterated vasa vasorum 
or those with thickened walls may be seen in tbe adventitia. A change in 
tbe histological picture is apparent in the area of the main aneurysm. The 



Figure •/. 

Aortic wall shows an aneurysm (a) with a few obliterated vasa vasorum (o) 

in its surroundings. 
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■adventitia and the surrounding connective tissue show a marked infiltration 
with inflammatory cells, extending to involve also the media and intima. 
In the different layers of the aortic wall, there may be -found scattered ne- 
crotic areas, some of which display a vegetation formed by granulation tissue. 
(Fig. 3). Several areas show an increase in fibrillar connective tissue and, on 
the other hand, a complete destimction of the elastic tissue. The inflammatory 
infiltration consists mainly of lymphocytes and plasma cells, but also gi-a- 
nulocytes occur. The aneurysm itself is filled with an organized thromboid 
mass together with some blood, which appears in the superficial layers of 
the wall. (Fig. 2). The aneurysmal wall shows, further, calcified areas and 
deposits of hemosiderine. The stains for fat and bacteria negative. Elsewhere 
the aortic wall entirely normal. 


Case 2. 

2'he S9-ijear-old wife of a farmer. The patient had formely enjoyed a per- 
fect health. At the age of 37, shortly after her third delivery, she began to 
complain of fatigue and discomfort. Slight bleeding from the genitals made 
its appearance simultaneously. As no pathological signs were found in the 
genitals, the patient was admitted to a hospital of internal medicine. There 
the patient was found to have a yellowish pallor and oedematous ankles. 
The heart was distended to the left and an intense systolic murmur was 
audible throughout the heart. The blood pressure in the upper limbs was 
170/95 mm of mercury. An increase in the SR, ranging from 60 to 127 mm/ 
1 hr, was persistent. The WaR and Kahn tests negative. The blood picture 
revealed a severe nonnochromic anaemia, a mild leukocytosis, and a marked 
thrombocytopenia. A persisting increase in residual nitrogen. Albumin was 
present in the urine during the whole period of hospitalization and the sedi- 
ment was that of a typical nephritis. The patient developed a suppurative 
otitis. The uraemia gradually grew severe and the tendency to bleed in- 
creased. The patient died, her illness terminating in the clinical picture of 
uraemia. 

Autopsy findings: slight hemorrhages in the skin, the buccal cavity, nose 
and pharynx. The spleen and lymphatic glands are enlarged. The kidneys 
show the typical picture of nephritis. The heart is dilated, 370 Gr in weight 
and measuring 14 by 11 by 8 cm. The ascending aorta, the aortic arch, and 
the arteries arising from it are normal. A typical coarctation of the aorta is 
seen in the descending part of it, distal to the origin of the left subclavian 
artery. In the aortic wall, distal to the coarctation, in an area of 3 by 3,5 cm, 
there appears a number of bulbous dilatations of a pea’s size. Marked ulce- 
rations of the intima are seen in the same area. 

Histological observations: The region of the coarctation is very similar to 
that of case 1. Oedema of the aortic wall is present here and there in the 
area of the aneurysm. The intima shows fibrous thickening, whereas the 
muscle fibres of the media have thinned. An increase in the connective tissue 
is apparent in the various layers of the aortic wall, but particularly in the 
adventitia. Fresh ulcerations are seen in the intima and slight haemorrhages 
in the superficial layers of the arterial wall. The adventitia, and partly a so 
the media, is found to be the seat of perivascular inflammatory cell infi tra 
tion, which is mostly mild, but in some places wellmarked. The involved par 
of the media show fresh necrotic areas as well as older, partially organize , 
necrotic tissue. A considerable proportion of the inflammatory cells are ym 
phocytes and plasmacells, but also granulocytes occur. The remainder of i 
.aortic ivall appears to be normal. 
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Comment. 


To explain the pathogenic mechanism of an aneurysm distal to 
the thoracic aorta, in v^hich blood pressure is lower than the usual, 
is attended with considerable difficulties. In the reported cases, the 
site of the aneurysm is very much the same, i. e. immediately distal 
to the coarctation. Tliis leads us to search for a special factor which 
is responsible for the development of an aneurysm at this particular 
point. A reference has often been made to Rokitansky, according 
to whom there must be a special congenital weakness of the aortic 
wall at this very point. Hecker^) primarily points out the rise of the 
intra-abdominal pressure as the cause of a simultaneous rise in the 
thoracic aorta below the site of constriction and of a subsequent de- 
velopment of an aneurysm. In the opinion Zaslow and Krasnow^^) the 
rise of the intra-abdominal pressure accounts for the rupture of the 
aneurysm reported above. Their theory is that a whirl-pool of the 
blood flow distal to the coarctation produces the dilation of the aorta 
and the weakening of its wall. The significance of infection is em- 
phasized by Reifenstein^) et al. The maior part of the instances of 
aneurysm discovered by them at autopsies showed a simultaneous 
presence of an infectious disease and this w’as also the case in two 
instances until clinical evidence of aneurysm. The anti-infectious 
therapy instituted by them proved to be effective in reducing and cal- 
cifying the aneurysm. 

In the cases reported by us the mechanism of the aneurj’sm ap- 
pears to be similar. Both of them show a dilatation of the aorta distal 
to the coarctation, an increase in the connective tissue of the aortic 


wall, and destruction of the vasa vasorum. The most satisfactory ex- 
planation to this is given by Zaslow and Krasnow.^^) A similar pheno- 
menon, according to them, might occur in any part of the circulatory 
system, in case an artery should he constricted, i. e. a dilatation might 
develop distal to the constriction. This is pointed out by Lenegue and 
Brua^] in explaining the formation of an aneurysm distal to the co- 
arctation. Infection may partially be responsible for the aneurysm in 
our cases. The first case presents signs of a persistent infection after 
tonsillitis. There is simultaneously X-ray ewdence of an aneurysm. 
The histological picture reveals typical inflammatory changes in the 
aneurysmal wall. The second case shows the co-existence of several 
different infections. Histologically, there are signs of inflammation in 
the walls of the rising aneur3'sm also in this case. 


1 . 


Summary. 

Aneurysm of the thoracic aorta distal 
mon. 


to a coarctation is uncom- 
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2. A case with ruptured aneurysm distal to the coarctation has been 
described. 

3. Another case with multiple aneurysms distal to the coarctation has 
been described. 
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ON THE FREQUENCY OF PNEUMOCOCCUS TYPES 
IN DENMARK 1939—1947 

By Erna Morch. 

(Received for pul)licalion August ITth. 19i8.) 

In autumn 1937 the Pneumococcus Dcparlmenl of the Stale Scrum 
Institute was established jirimarily for the production of antipneumo- 
coccal rabbit scrum for therapeutic purposes. At the same lime, sero- 
logical tj’^ping was commenced of the pneumococci isolated from 
specimens of material sent to this dcparlmcnt from various Icinds of 
patients. The diagnosis was made by means of Ibc Ncufcld capsular 
swelling reaction. To begin wilb, this test was made using diagnostic 
sera received from the Lcdcrle Laboratories, U- S. A. Before long, how- 
ever, the diagnostic pneumococcus sera were produced in the Stale 
Serum Institute, which now for a number of years lias been furnishing 
various European laboratories with such sera. 

The occurrence of the pneumococcus types in Denmark — as 
evident from the material examined in the State Scrum Institute was 
first investigated by Vammen (1940), covering the period from Febru- 
ary 1, 1938 to Jul 3 ' 31, 1939. Later, Morch-, ^ has examined in a similar 
way the material received from 1939 to 1942. 

The present paper gives a survey of the material examined in the 
Pneumococcus Department from August 1, 1939 to .Inly 31, 1947, a 
total of 8 j^ears. Until July’ 31, 1942, differentiation was made between 
the individual types within the same group (MorclF), hut afterwards 
the differentiation was limited to the group diagnosis. 

In Denmark, since 1944, vve have recognised 73 pneumococcus types 
(Morch^), distributed as 15 type groups and 26 single tjijcs. In practice 
the diagnosis is made from 41 different Ij’pcs (or groups), numbered 
from 1 to 43 (Nos. 26 and 30 are not employed). 

As the therapeutic sera for the pneumococcus groups are poljwalent, 
i.e., produced by immunization with all the types within the given’ 
group, it is of no interest for the serum treatment to make the dia- 
.gnosis of the individual types in the group. Likewise, the diagnostic 
sera for the groups are polyv^alent too, reacting with all the types with- 


in the group concerned. Only in cases of particular epidemiological 
interest is the diagnosis made on the types within the group — by 
means of absorbed sera, »factor sera« (Morch^). 

The diagnosis of a given strain is facilitated by use of 8 pooled 
sera wdiich react with all the pneumococcus types with the exception 
of Type 3, for which an unmixed serum is used, because it is difficult 
to produce a high titer serum of this type. Besides, Type 3 is one of 
the most frequent types w'hose diagnosis often implies certain diffi- 
culties, as cultures undergo autolysis more rapidly than cultures of 
other pneumococcus types. 

For the period of 1939 — 47, in the Pneumococcus Department, we 
have recorded how often the individual types (groups) have been de- 
monstrated in sputa, cultures from the throat or larynx, pus from the 
ear, pus from the maxillary sinus, spinal fluids, pleural exudates, blood 
cultures, peritoneal pus, nasal cultures, and pus from several other, 
different, lesions. 

The total number of specimens examined for the presence of pneu- 
mococci has been about 8000 — 10,000 a year (Table 1). Of the yearly 
totals, 3000 — 5000 have contained pneumococci. As often more than 
one s'pecimen has come from the same patient, the number of patients 
showing the presence of pneumococci has been somewhat lower, about 
2500 — 3000 a year (Table 1). 


Table i. 


Total Number's of Specimens, Positive Specimens and Patients with 
Pneumococci examined in the Period of 1939 — 1947. 


Year 

Total No. of 
specimens 

Positive 

specimens 

1 No. of patients with 

1 pneumococci 

1939—1940 

9942 

5009 

3187 

1940—1941 

9005 

4445 

3142 

1941—1942 

8629 

4305 

2985 

1942—1943 

9740 

4242 

3118 

1943—1944 

10052 

4229 

3025 

1944—1945 

9313 

3346 

2687 

1945—1946 

8319 

3360 

2870 

1946—1947 

7758 

2803 

2454 


The percentage frequency of the individual pneumococcus types 
per year during this period as well as their average frequency for all 
these 8 years are given in Table 2. In 1939 — 41 Type 3 was the most 
frequent type, while in the following years it was not demonstrated 
quite as frequently. Still Type 3 is one of the most frequent types. In 
1941 — 44 Type 1 was by far the most common type, particularly in 
the year 1942—1943. In 1944 Type 2 became the most frequent, but 
Types 1, 19, 6 and 3 appeared almost just as often. In 1945 46 Type 

was the one found most frequently, but in 1946 — 47 Type 3 w'as again 
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the most frequent. On calculating the averages for the 8 years we find 
Type 1 to have appeared most frequently, then lypc 3. 

Table 2. 

Frequency of Pneumococcus Types 1030—15)17.*) 

lOM-i:. ini.i-io jio(c-i7| AvniRc 


1 8 8 8.G 17.9 2^.3 IS.O 10.0 C.8 8.1 /3.1 

2 sil 3.1 3.G G.7 8..5 11.9 7.8 8.1 C.O 

3 15 2 13.1 11.0 8.0 10.1 10.0 10.8 12.1 11.8 

i 2.0 2.4 3.8 2.0 2.4 2.3 3.7 3.2 2.0 

5 0.7 2.1 3.0 2.4 1.8 1.7 1.3 0.7 1.8 

G 01 12.0 lO.G 0.0 8.0 10.2 10.0 0.1 0.7 

7 7.4 5.4 4.0 2.0 3.0 2.0 3.2 3.7 4.5 

8 4.5 3.5 2.0 2.5 2.1 2.G 2.7 3.7 3.0 

9 3.1 4.3 3.2 3.1 2.7 1.8 3.0 2.1 2.8 

10 2.2 2.7 1.8 2.0 1.4 1.0 2.0 2.1 1.0 

11 2.1 2.2 1.8 1.9 2.3 1.7 2.7 1.7 2.0 

12 0.9 0.9 1.5 1.3 1.5 1.3 0.0 1.0 l.t 

13 1.8 1.3 1.0 1.4 2.0 2.1 2.3 2.2 1.7 

14 2.6 4.4 4.8 4.5 3.0 5.1 4.2 4.4 3.9 

15 1.8 2.4 1.5 2.3 2.G 2.5 2.8 2.4 2.3 

IG l.G 0.9 0.9 0.0 0.0 1.1 1.2 1.7 1.2 

17 1.2 1.7 1.1 1.7 1.5 1.2 1.5 1.7 1.4 

18 3.8 3.4 3.5 3.5 4.1 4.7 4.5 4.2 3.9 

19 8.9 11.4 8.9 7.2 10.6 10.5 12.1 11.5 0.9 

20 1.7 0.8 0.8 0.0 0.5 0.8 1.1 1.0 1.0 

21 1.3 1.5 O.G O.G 0.5 0.4 0.7 0.0 0.8 

22 2.4 1.0 1.1 0.5 0.0 2.2 2.3 2.2 1.5 

23 4.5 3.7 3.5 3.0 2.8 3.2 3.0 3.5 3.3 

24 O.G 0.3 0.5 0.8 0.0 1.0 0.0 0.7 0.7 

25 0.4 0.2 0.2 0.1 0.2 0.1 0.03 0.1 0.2 

27 0.4 0.5 0.5 0.4 O.G 0.7 O.G 0.3 0 5 

28 0.3 0.1 0.2 0.2 0.3 0.4 O.G 0.5 0.3 

29 l.G 0.G 0.7 0.3 0.6 0.4 0.3 0.3 0.7 

31 1.1 0.9 0.4 0.5 0.G 0.5 0.4 0.7 0.7 

32 0.4 0.3 0.2 0.4 0.2 0.4 0.3 0.2 0 3 

33 1.2 0.7 1.2 0.8 1.2 1.1 0.9 1.0 0.9 

31 11 1-1 1.0 0.7 0.8 0.4 1.3 1.5 1 1 

35 1.0 1.5 1.2 0.7 1.2 0.0 l.G 1.5 1.2 

3G 0.1 0.1 0.1 0.1 0.1 — 0.03 0.2 0 1 

37 0.3 0.4 0.3 0.3 0.4 1.0 0.8 1.0 0 6 

38 0.1 0.3 0.5 0.4 0.2 0.1 0.2 0.2 0 3 

39 . 0.2 0.03 0.1 0.1 0.04 0.1 0.04 01 

40 . 0.03 0.03 0.1 0.1 0.3 0.3 0.2 0.2 

j;; ■ z Z, 

fi. I figures give Uic percentages of nil patients with inieumococci in 
the respect.™ years. The most frequent type in each yea,- is ilalic 

not yet been established 

1939- 40 = Fi-om August 1, 1939 to July 31, lOiO ‘ 

1940- 41 - « „ >, 19.10 „ „ ,, 1911 
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One of the reasons for this change in the relative frequency of the 
types from one year to another may be variation in the make-up of 
the material. When many sputa are examined in the course of the 
year, it is reasonable to expect that the pneumococcus types found in 
pneumonia will predominate. If the specimens come chiefly from pedia- 
tric or otologic clinics, this will influence the total result in another 
direction. From children with pneumonia the specimens received will 
generally consist of pharyngeal or laryngeal swabs instead of sputa. 
The pneumococcus types demonstrated in pharyngeal or laryngeal 
cultures come mainly from children, and thus we may expect to meet 
with the types found in this age-class (Types 6 and 19). In the cases 
of infection of the ears other types are prevailing (Types 1, 3 and 19). 


Table 3. 

Number of Patients with Pneumococci demonstrated in Specimens of 
Various Nature. 1939 — 1947. 


Nature or specimens 

193!)-40 

1940-41 

1941-42 

1912-43 

1913-44 

1914-45 

1945-46 

1916-47 

Total 

Sputum 

Cultures from 

915 

1194 

1215 

1078 

1613 

1374 

1153 

852 

10394 

throat or larynx 

1078 

1219 

1096 

1101 

1436 

1126 

835 

768 

8659 

Ear cultures 

133 

450 

487 

513 

498 

396 

370 

323 

3170 

Spinal fluid 

35 

48 

39 

63 

54 

44 

68 

63 

414 

Pleui’al exudate 

32 

40 

29 

63 

66 

59 

44 

34 

367 

Blood culture 

17 

20 

14 

23 

16 

9 

7 

4 

110 


From Table 3 it is evident that the distribution of the various kinds 
of specimens, year by year, has been fairly uniform in the period here 
concerned. It wll be noticed that the number of pleural exudates and 
blood cultures with pneumococci has been decreasing in the last 3 
years, whereas the number of spinal fluids with pneumococci still 
keeps high. Presumably the explanation of this is to be found in the 
circumstance that empyema and bacteriemia most often make their 
appearance in connection with serious cases of pneumonia. In the later 
years the treatment of pneumonia has been so effective that only very 
few pneumonic patients have serious complications. On the other hand, 
from the incidence of pneumococcus meningitis, it appears as if the 
treatment of the most frequent lesion primary to the development of 
meningitis — i. e., otitis — has not hitherto been so successful. Possibly 
penicillin therapy in ear will bring about a decrease in the incidence of 
pneumococcus meningitis. 

Table 4 shows the number of the individual pneumococcus types 
demonstrated in the various kinds of specimens examined in the course 
of 1938 — 1947. From each patient only one positive specimen is in- 
cluded in this account, so that the figures here recorded also give the 
number of patients under the respective headings. 
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Table i: 

Pneumococcus Types in Sputa, Cultures from the Throat or Larynx, Spinal 
Fluid, Pleuz'al Exudates, Blood Cultures and Ear Cultures 1939—1947.*) 
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The sputa show most often Types 3, 1 and 2; then come Types 7 
6, 19 and 8. In cultures from the throat or larynx — which, as iiien- 
tioned, in most cases originate from children — Types 6 and 19 are 
by far the predominant ones. 

In the spinal fluids Types 1 and 3 are the most frequent; then come 
Types 6, 18, 2, 4, and 19. In the specimens of pleural exudate Type 1 
is by far the predominant type, while Types 2, 6, 3, 19 and 7 are fairly 
frequent. Practically all the pneumococcus ty^pes have been de- 
monstrable in the spinal and pleural fluids. In the blood Type 1 is the 
most frequent. 

Cultures from the ear have most often yielded growth of Types 1, 
3 and 19, besides rather often Types 6, 14 and 5. Type 5 is found re- 
latively often in ear lesions. In the total material for 1939 — 1947 (Tahle 
2) Type 5 is found in l.S %, while in the same period it amounts to 
6.4 % of the pneumococci found in ear cultures (Table 3). 


Table 5. 

Types of Pneumococci demonstrated in Pus from Maxillary Sinus. 

1941—1947. 


Type 

No. of I 
patients 

j Type 

No. of 
patients 

1 Type 

No, of 
patients 

1 Type 

No. of 
patients 

1 

8 

12 

2 

23 

17 

36 

— 

2 

1 

13 

8 

24 

4 

37 

3 

3 

19 

14 

9 

25 

— 

38 

2 

4 

2 

15 

4 

27 

— 

39 

— 

5 

1 

16 

6 

28 

1 

■iO 

2 

6 

24 

17 

9 

29 

2 

tl 

— 

rf 

1 

4 

18 

8 

31 

1 

i2 


8 

7 

19 

19 

32 

2 

13 

— 

9 

8 

20 

5 

33 

9 



10 

9 

21 

2 

34 

9 

Total: 232 

11 

9 

22 

12 

35 

7 




Most frequent types; 6, 3, 19, 23, 22. 


Since 1941 many specimens of pus from the maxillary sinus have 
been received for examination for pneumococci — altogether from 232 
patients. In this kind of specimen Types 6, 3, 19 and 23 were the most 
frequent, while Type 1 was relatively rare (Table 5). Thus it appears 
as if the type distribution is a little different in ear lesions. 

In the 8-year period here concerned we received nasal cultures only 
from 80 patients. The most frequent types encountered here were: 
Types 6 (18 patients), 19 (8 patients), 23 (8 patients), 3 (7 patients). 
Thus we have very nearly the same type distribution for the nasa 
cultures as for the cultures from the maxillary sinus as probably a so 


was to be expected. 

In peritoneal cultures from 1939 — 1947 growth of pneumococci was 
found in 29 patients, all with Type 1. 
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Pneumococci have been demonstrated in pus from several cases of 
S“es from the .np-joinl yielded growth of pneumoeoca 
of Types 2 10 and 23, from the knee-joint m 5 patients (Types 1, , 
10 19^ 19) and from the shonlder-ioint Types 9 and 14 wore isolated. 

In’the ease of one patient suffering from osteomyelitis pneumococ- 
cus Type 1 was found in llie pus. In 5 cases pneumococci were de- 
monstraled in pus from the frontal sinus, namely: Ty^s 1, 13, 1 , 
23 and 33. In a case of orbital infection, pneumococci of Type 35 were 
obtained. From the conjunctiva Types 3, 6, 14 and 15 have been grown. 
Type 10 was found in a dental cyst. Type 3 in an abscess of the 

In a patient suffering from endocarditis pneumococcus Type 25 
was demonstrated. Vaginal cultures from two patients showed pneu- 
mococci of Type 1 (presumably patients suffering from pneumococcal 
peritonitis). Finally, pneumococcPs Type 19 was found in pus from 
the rectum in one case. Type 20 in pus from abscess of the foot in an- 
other case. 

In several cases more than one pneumococcus type was demon- 
strated in the same patient. Thus in 1942—1947 more than one type 
■was found in 552 patients, namely: 

519 patients with 2 types, 

30 » » 3 » 

3 » » 4 » 

In the years prior to 1942 the occurrence of more than one type in 
the same patient was relatively more frequent than later on, but in 
many cases this phenomenon involved the finding of some of the new 
types that reacted wdth more than one of the diagnostic sera employed. 
Thus, for instance, Type 11 A reacted both with serum 11 and serum 
16. 

In the Pneumococcus Department, in 1943 — 1947, we received 112 
specimens of urine (from 109 patients) for examination for pneumo- 
coccal carbohydrate. Only in 3 patients was type-specific carbohydrate 
of Type 1 demonstrated, and only in 1 patient carbohydrate of Type 
2. The majority of these specimens came from patients with peritonitis. 
Roesgaard (1945) has shown that type-specific precipitation of pneu- 
mococcal carbohydrate in the urine is positive only if the pneumonic 
process is fairly extensive. Otherwise the excretory aspects are variable 
so that positive and negative reactions in the same patient may alter- 
nate daily. Thus a negative reaction does not warrant the inference 
that the patient has no extensive pneumococcus infection. In the case 
of one patient, in which -tve had not been able to demonstrate the pre- 
sence of pneumococcal carbohydrate in the urine, pneumococcus Type 
1 was found on the following day in pus from the peritoneal cavity. 
As the technique of the test for pneumococcal carbohydrate is rather 
complicated, and as the method has yielded only 4 positive reactions 
m the course of 4 years, we have now given up this form of examina- 
tion as a routine method. 
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The Pneumococcus Department also receives blood samples to be 
■examined for their pneumococcus antibody content. In 1943—47 we 
received altogether 402 such specimens of blood from 354 patients. 
■Only 28 of them showed the presence of pneumococcus antibody. The 
small number of positive blood samples is most likely attributable to 
the circumstance that the blood samples chiefly originate from patients 
who on preceding examination of the sputa had not shown the presence 
of pneumococci. In no instance has pneumococcus antibody been de- 
monstrated in the blood of a patient in whose sputum no pneumococci 
had been demonstrable suggesting that the method employed for ex- 
amination of the sputa for the presence of pneumococci is quite suf- 
ficient. 

The serum from the blood sample is examined both for capsular- 
swelling and for agglutinating antibodies. The Nenfeld test for capsular 
swelling is carried out with 9 mixtures of vaccine, reacting together 
with all pneumococcus types. When capsnlar swelling is observed in 
one of these mixtures, the examination is continued with the individual 
types in the mixture. When the type has been determined, the capsular- 
swelling and agglutinating titers are estimated. Most often the titers are 
4 — 32. The presence of pneumococcus antibody bas been demonstrated 
for the following types: 

Type No. of patients 

1 6 

2 11 

3 1 

4 2 

7 2 

8 1 

15 1 

18 1 

19 1 

20 1 

23 _J_ 

Total 28 patients 

Sera from several patients have given nonspecific capsular swel- 
ling with pneumococcus Types 27 and 28. In most of these cases the 
serum has given a positive reaction with both types simultaneously. 
Usually the reaction has been rather weak, with a capsular-swelling 
titer of 2 — 8. It is characteristic of this nonspecific reaction that in 
the same sera no agglutination reaction is seen corresponding to a 
distinct capsular swelling. Lofstrom (1943) states that the nonspecific 
reaction disappears as soon as specific antibody is formed. Here, hov 
ever, it would be appropriate to mention the case of a patient wi i 
pneumococcus pneumonia Type 2, whose blood simultaneously con 
tained specific antibody for Type 2 and also showed nonspecific cap- 



salar swelling wilh Type 2<S. On .'I smrcssivc days lliis jndienl showed 
the following eapsuiar-swelling and agglutinating tilers: 




; e.HnsttUir- 
' swflliiv,; 
lllcr 

nnllnj; 

lili-r 


C'.rjp'iiilnr* 1 

h't*T ’ 

ACi'.liiK- 

iliilln;: 

(Krr 

April 13 

Pn. 2 

Ui 

8 

Pn. 28 

8 

0 

)' M 

» 

8 

8 

D 

s 

(t 

» 1,^ 

D 

.( 

O 

D 

■5 
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As will he evident from the mnnber of specimens examined 
(Table 1) in Denmark considerable interest is still being taken in the 
type determination of pnouinoeoeei. Largely, the speeimons hero re- 
ceived are of the same cliaracter from one year to another, (he greater 
majority consisting of sputa and cultures from (he throat and cars 
(Tabic 3). The Pneumococcus Department aims to keep on diagnosing 
pneumococci and typing the strains within the -11 types (or grnnj)s) 
mentioned, just as the i)roduc(ion of diagnostic jjneunuieoceus sera 
will bo continued. 


itttminanj. 

An account is given of the results of type determination of pneumo- 
tocci ^\,thm 41 types or grouF)s during 8 years in the Pneunmeoeeus 
De])artmcnl of the Stale Serum institute. 

I of types is subject to variation from one year 

0 another. On an average. Iiowcvcr. the most frcciuent Ivpes arc: ‘l .3 
19 and 6 The composition of the material varies but slighllv from’ 
nc 5 car to another. In the past three years the occurrence of nncu 

ZZT-' ctdlurcs has been deerelsing. 

eas 10 number of patients with pneumococci in their sjnn-il fluid 
has not decreased - in spile of the superior therapeiilir „ie , * , 

from ui^r 

ure: 1. 3 and 19. In irnffroni lhe ^ 

-s;r;s ' 

pn.iSmV'ul'tn i' 

turn or other pathological material. m (heir spu- 
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ACTION OF MITOTIC POISONS IN VITRO I 

EFFECT OF URETHANE ON DIVISION OF FIBROBLASTS 
By Foul DastrvjhMadscn. 

(Received for publication August 21st, 1058.) 

Introduction. 

In the nineteen twenties A. P. Dustin- discovered that some sub- 
stances had a particular nuclcotoxic effect on certain cells apparently 
without damaging the cytoplasm. Such compounds Dustin called 
i>poisons carijoclasiqucs^.. Especially through the works on colchicine 
b 3 ’ Dustin^ and Ludford^ it has been shown that it is dividing cells 
that are destroyed, and accordinglj’ such substances are now generally 
termed mitotic poisons. These compounds have become topical through 
a large number of papers on the clinical action of various substances 
with inhibitory effect on neoplastic disorders. It is the object of this 
and subsequent articles to report on some data from this field. 

Urethane was introduced in treatment of leukemia by E. Paterson 
et al.^ in 1946. Although it has now been proved that urethane treat- 
ment in most cases is inferior to roentgen therapy, the waj' of action of 
this compound is still of considerable theoretical interest. 

The chemical constitution of urethane is NILCOOCjIL, (ethyl car- 
bamate). As the first Warburg^" found in 1910 that phenyl urethane 
(ethylphenyl carbamate) inhibits at melaphase the mitoses of eggs 
from sea urchins (Strongylocentrolus lividus) . A similar effect on plant 
cells was demonstrated by Lefevre^, Simonet & GuinocheP^, and cor- 
roborated by Templeman & Sexton^-' who also found that isopropyl- 
phenyl carbamate could inhibit the growth of grain germs, and that 
this substance is three times as potent as phenyl urethane. On the 
other hand, urethane has no growth-inhibiting effect on plants. 

Haddow & Sexton'^ found that both phenyl urethane, isopropyl 
urethane, and urethane inhibit the growth of Walker’s rat carcinoma, 
and that among these urethane has by far the most pronounced effect’. 

So far fevv investigations have been carried out into the way of 

action of urethane, and a discrepancy of opinion c.xisls as to the re- 
sults. 

Haddow & Sexton’’ found that urethane causes a transient increase 
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in the numbei’ of mitoses in the Lieberkuhn crypts of the mouse, which 
in their opinion may be explained as a retardation of the mitotic cycle 
at all phases. 

P. Dustin^- ■’ found that after intraperitoneal injection of urethane 
in doses of 1 g/kg body weight the number of mitoses in the Lieherkiihn 
crypts of the mouse was reduced by two thirds. The effect began ten 
hours after injection and continued for 48 hours and differential counts 
of mitoses showed a normal distribution of the various phases. Simul- 
taneously with the reduction in mitoses Dustin observed a large number 
of cells with pyknotic nuclei. In Dustin’s opinion these pyknotic figures 
were cells damaged just before mitosis. He supported this view by 
stating that the increase of pyknotic cells roughly corresponded to the 
decrease in the number of mitoses. 

By examination of patients suffering from myeloid leukemia 
Rloeschlin^^ found that following urethane treatment the number of 
mitoses in the bone marrow and the spleen wms reduced by 50 per cent. 
The fall was evenly distributed over the various phases of mitosis. 

LudforiP investigated the effect of urethane on tissue cultures of 
mouse carcinoma and renal tissue from mouse embryos. If one drop 
of a 2 % urethane solution was added to the culture, an arrest of 
mitosis at metaphase occurred in some of then. However, it was not 
possible to obtain uniform results, and in many of the cultures no 
effect at all could be demonstrated. 

Geiersback° investigated the effect of urethane on cultures of heart 
fibroblasts from chick embryos. A comparatively high urethane con- 
centration was necessary to produce any effect. In concentrations of 
1 — 3 % no normal mitoses occurred. A number of large, round, dark- 
stained cells were present, in which the nucleus had been replaced by 
a clump of chromatin, and these cells were taken for mitoses which 
had been arrested and subsequently destroyed. Degenerative changes 
of resting cells such as vacuolization of the cytoplasm and rounding-up 
of cells w'ere found in the urethane concentrations mentioned. 

Thus all investigators agree that urethane has an inhibitory effect 
on mitosis, but opinions differ as to the mechanism of this inhibition. 
According to Haddow & Sextow urethane causes a retardation of the 
mitotic cycle at all phases, but arrest does not occur at any particular 
phase. Contrarily Ludford^ found that the mitoses w’ere arrested at 
metaphase. Geiershach'^, too, believed that an arrest occurred at some 
phase or other, but he did not deal with the problem in detail. Both 
Dustin'^’ ® and Moeschlin^^ found that urethane inhibits the mitotic 
activity so that fewer celts undergo mitosis, but they did not find an 
arrest at any particular phase. 

The object of this paper is to further clarify the way of action 
of urethane on cell division by means of diffferential countings o 
mitotic phases in tissue cultures subjected to varying concentrations 
of urethane during varying periods of time. 



Material ami Methods. 

Fibroblasts from eight-clay chick embryo hearts were used for the- 
experiments presented here. This tissue is well suited for studies on 
mitosis as the cultures always contain an abunclancc of mitoses. In 
addition, it is comparatively easy to obtain a uniform growth in the 
various cultures, which gives a good material for comparison. Ihc 
nutrient medium consisted of one drop of adult chicken plasma and 
one drop of chick embryo extract. Urethane solutions were' prepared 
from a stock solution of 20 % in saline being diluted with Tyrode’s 
solution. The tissue was grown as coverslip cultures according to the 
usual technique. 

Urethane Added to Growing Cnltiires. When after 48 hours the 
growing zones of the cultures had become sufficiently large, five drops 
of urethane were added, thus producing the concentration desired in 
the cultures. The procedure was as follows: The coverslip was re- 
moved, one drop of urethane solution was added to the culture and 
the additional four drops were placed in the concavity of the slide 
so that it was almost filled. The covcr.slip was replaced and scaled 
with paraffin. The controls were treated corrcsjiondingly with five 
drops of Tyrode’s solution, and all cultures were replaced in the in- 
cubator. At intervals a number of the cultures were fixed in Carnoy’s 
fluid and stained with hematoxylin. The number of mitoses per 1000 
fibroblasts was counted. The figures in the following tables arc average 
values for several cultures (mostly six). 

Urethane Added at the Explantaiion. In some cases urethane has 
been added to the nutrient medium already at the first cxplantation 
in order to observe the effect on the growth of the tissue. For such 
experiments cultures were prepared in one drop of adult chicken 
plasma, one drop of chick embryo extract, and one drop of urethane 
solution. In these experiments there was no difficulty in making the 
plasma clot in spite of the fact that it had been diluted by tbe ad- 
dition of the urethane solution. 


By/ecf of Different Urethane Concentrations on the Nuiuhcr of Mitoses 
A. Detailed Comments on Tables: 


The object of the experiments reported was to examine the effect 
of different urethane concentrations on the number of mitoses 
Urethane was added to two days old cultures ‘ 


Urethane 0.35 %. 


The total number of mitoses 
The differential count of the 
any abnormalities. 


corresponded to that of the controls, 
various mitotic phases did not present 
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Table i. 


Number of mitoses per thousand cells 


Time after 
addition of 
urethane 

Urethane 0.35% 

1 Control 

Total 

count 

Pro- 

phasi's 

Me la- 
phases 

Ana- and 
Iclo- 
phasr.s 

Total , 
count 

Pro- 

phases 

Meta- 

phases 

Ana- and 
telo- 
pha«?es 

2 hours 

31 

7 

17 

7 

51 

9 

17 

13 

4 hours 

31 

4 

17 

10 

41 

9 

17 

15 

6 hours 

43 

7 

22 

14 

28 

5 

13 

10 

8 hours 

33 

5 

18 


38 

D 

19 

12 

24 hours 

17 

3 

7 

7 

25 

H 

13 

8 


Interpretation. In this concentration urethane had no effect on 
mitosis. 

Urethane 0.66 %. 

The total number of mitoses largely corresponded to that of the 
controls. 

On the other hand, by differential counting of mitotic phases slight 
changes were found. After 4 hours the number of propbases was 
slightly reduced, and it remained low during the rest of the experi- 
mental period, lasting 24 hours in all. During the first 8 hours there 
\vas a slight increase of the number of metaphases, but after 24 hours 
it corresponded to the controls. After 6 hours the number of ana- and 
telophases was slightly reduced. 


Table 2. 


Number of mitoses |>er thousand cells 


Time after 
addition of 
urethane 

1 

Urethane 0.60% j 


Control 


Total 

count 



Ana- and 
telo- 
phases 

Total 

count 

Pro- 

phases 

Meia- 

phases 


2 hours 

43 

4 

26 

13 

28 

3 

15 

10 

4 hours 

33 

1 

22 

10 

37 

H 

18 

12 

6 hours 

38 

2 

28 

8 

33 

mm 

17 

11 

8 hours 

38 

3 

26 

9 

41 

mm 

18 

16 

24 hours 

24 

1 

' 18 

5 

22 

H 

10 

7 
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McmclMon. The rcduclion ot Ihe 

;tS=s not reduced is explained by Ihe feel , ha. .he re< „c .0 . 
of prophases rvas rcompcnsalcd. hy Ihe increased 
phases! The increased number of mctaphascs sngsests that there . . 
fslight inhibition of mitosis at this phase. The reduced « 

Pna- and telophases also suggests that the mitoses proceeded bejond 
metaphase only with difficulty. However, as the reduction of the 
number of ana- and telophases was but slight, there is every reason 
for believing that after being inhibited for some time at mclaphase 
the mitotic process can nevertheless he completed. It must tlicn be 
assumed that the time in wliich the cells were at metaphase was some- 


what longer than normal. 

The changes in the differential counts were yet so slight that they 
cannot be taken as significant. But since they showed the same 
tendency as those which plainly appeared in higher urethane con- 
centrations, the above interpretation of ibc results seems justifiable. 


Urethane O.S %. 

In the total number of mitoses there was an increase which began 
4 hours after the addition of urethane. It reached maximum after 6 
hours, and then the number of mitoses decreased. After 13 hours 
it was again almost normal, and after 24 hours it was considerably 
lower than normal. 

In order to find out the reason for these fluclualions of the 
number of mitoses, it is necessary to examine the differential count 
of the mitotic phases. Already 2 liours after addition of urethane there 
was an essential fall in the number of prophascs. During the entire 
experimental period the number of projiliascs was 0 — 1 . The majority 
of all mitotic cells (approximately 90 %) was at metaphase. This in- 
creased percentage of mclapbascs was brought about, partly by a fall 
in the number of cells at the other phases, and partly by an absolute 
increase of the number of metaphascs. The increase occurred already 
2 hours after addition of urethane, became more pronounced in the 
course of the following hours, and readied maximum after 6 hours. 
After that time the number of mctaphascs decreased, and after 24 
hours only a few metaphases were found. The number of ana- and 
telophases was during the first 6 hours normal or slightly reduced 

After that tune a marked reduction of the number of cells at this 
stage occurred. 


Interpretation. The disappearance of prophases indicates that the 
m.ol,c acLvily was firea.ly reduced. The aven incraa" ta . a ™ mb 
ot mdaphases signirics that (here was a„ arres. a. .his ag^ td 

Acta path. Yol. XXVI. 1 ^ 


7 
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that the cells accumulated at this phase. The fall of the number of 
metaphases 13 hours after addition of urethane must be explained 
by the inhibitory effect of urethane on the mitotic activity, which now 
became predominant. The explanation of the gradual disappearance 
of ana- and telophases must be that mitosis could not proceed beyond 
metaphase. 


Table 3. 


Number of mitoses per tliousand cells 


Time after 
addiUon of 
urethane 

Urethane 0.8% 

Control 

Total 

count 

Pro- 

phases 

Mpla- 

phases 

Ana- and 
telo- 
phases 

Total 

count 

Pro- 

phases 

Meta- 

phases 

Ana- and 
telo- 
phases 

2 hours 

44 

1 

30 

1 

13 

33 

5 

17 

11 

4 hours 

50 

0 

43 

B 

39 

6 

17 

16 

6 hours 

87 

1 

76 


34 

8 

18 

8 

13 hours 

45 

0 

40 

D 

45 

8 

19 

18 

24 hours 

8 

0 

5 

■ 

27 

6 

13 

8 


Urethane 1 %. 

In the total number of mitoses an increase occurred, which began 
4 hours after urethane had been added. The increase reached maximum 
after 6 hours; after that time the number decreased again. After 10 
hours the number of mitoses was again almost normal, and after 24 
hours it was lower than normal. 

The differential count showed essentially the same conditions as 
were found in a urethane concentration of 0.8 %. The number of 
prophases had fallen after 2 hours and remained low throughout the 
experiment. During the entire experimental period there w'as a greatlj^ 
increased percentage of metaphases, brought about partly by a fall lu 
the number of cells at the other phases, partly by an absolute increase 
of the number of metaphases. Just like in a concentration of 0.8 % 
the increase of the number of melaphases commenced after 2 hours 
and reached maximum after 6 hours. It reached a somewhat higher 
level than in a concentration of 0.8 %. Subsequent differential counts 
showed a decrease of metaphases. During the first 4 hours the number 
of ana- and telophases was slightly reduced, after 6 hours markedly 
so. The reduction was more pronounced than in a concentration o 
0.8 %. 
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Table h. 

( NumliiT of niilost-s per Ihousnmi cells 


Time after 
addition of 
urethane 

Urcllmne 1 % 

Control 

Total 

count 

Pro- 

phases 

Meta- 

phases 

1 

Ana- and 
t«do- 
plitises 

Total 

count 

Pro- 

phases 

Mela- 

jdiases 

Ann- and 
telo- 
phases 

2 hours 

37 

2 

26 

9 

33 

7 

16 

10 

4 hours 

G2 

0 

57 

5 

33 

5 

15 

13 

5 hours 

92 

2 

87 

3 

29 

5 

15 

9 

10 hours 

33 

0 

32 

1 

34 

7 

17 

10 

24 hours 

17 

0 

16 

1 

28 

4 

16 

8 


Interpretation. The disappearance of prophases suggests a lowered 
mitotic activity. The increase of the number of metaphases indicates 
an arrest at this phase. The fact that the fall in ana- and telophases 
was more pronounced in a concentration of 1 % than in 0.8 % sug- 
gests that the inhibition at metaphase was stronger in the higher con- 
centration. 

Urethane 1.2%. 

The total number of mitoses was very low after 2 hours, then it 
increased, and reached maximum after 6 hours. 

The differential count showed that prophases rapidly disappeared. 
Nearly all the mitoses were at metaphase. Two hours after addition of 
urethane the total number of metaphases was somewhat lower than 
normal; after that time the number of metaphases increased to over 
normal values, hut did not reach so high a level as in a lower con- 
centrations. After 6 hours ana- and telophases had completely dis- 
appeared. 


Table 5. 





Urethane 1.2% 

Control 

Total 

count 



Ana- and 
leJo- 
phasKS 

Total 

count 

Pro- 

phases 

Mela- 

phasHs 

Ann- and 
telo- 
phases 

2 hours 

s 


8 

0 

38 

8 

18 

12 

4 hours 

43 

1 

41 

1 

31 

6 

16 

9 

6 liour.s 

63 

0 

63 

0 

27 

6 

13 

8 

12 hours 

49 

0 

49 

0 

32 

7 

15 

10 

24 hours 

24 

1 

23 

0 

25 

5 

.3 

7 


7 ’’ 
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Interpretation. The low number of mitoses 2 hours after addition 
of urethane suggests a reduced mitotic activity. The disappearance of 
prophases also suggests that fewer cells than normal entered mitosis. 
That the number of cells that accumulated at metaphase owing to 
the arrest at this stage was somewhat lower than in concentrations 
of 0.8 % and 1 % may indicate a lower mitotic activity in a urethane 
concentration of 1.2 % than in lower concentrations. The complete 
disappearance of ana- and telophases indicates a total mitotic stop 
at metaphase. 

Urethane 1.5 %. 

During the first hours the total number of mitoses was at the up- 
per limit of the normal, then it rapidly fell to nil. 

The differential count showed an accentuation of the changes 
observed in the lowmr urethane concentrations. The prophases had 
disappeared already 15 minutes after addition of urethane. Simul- 
taneously the number of metaphases had become twice as large as 
normal, and remained so, for 4 hours, after w’hich time the metaphases 
disappeared. From now onwards there were no mitoses at all. The 
number of ana- and telophases had all the time been nil in most 
cultures. 


Table 6. 


Number of miloses per thousand cells 


Time after 
addition of 
urethane 

Urethane 1.5% 

Control 

Total 

count 

Pro- 

phases 

Meta- 

phases 



Pro- 

phases 

Meta- 

phases 

Ana- and 
telo- 
phases 

15 min. 

36 

0 

36 

0 

33 

7 

14 


30 min. 

31 

0 

31 

0 





60 min. 

52 

0 

52 

0 

48 

8 

21 


2 hours 

35 

0 

34 

1 

33 

5 

17 


4 hours 

38 

0 

38 

0 

35 

5 

17 


6 hours 

0 

0 

0 

0 

35 

6 

18 



Interpretation. The rapid disappearance of prophases indicates a 
complete inhibition of the mitotic activity in this urethane concen ra^ 
tion. The increased number of metaphases was due to the ^ 

the cells which had entered mitosis when urethane was adde ac 
cumulated at this phase. As no new mitoses occurred,^ the cons a 
number of metaphases must indicate that nor did any mitoses 
to ana- and telophases. The arrest at metaphase must then a^e 













101 


the fact that the 


complete. This assumption is also nil.' 

number of ana- and telophases was very low, m most cases m 


B. Survey. 

The range of mitotic inhibition of urethane is rather narrow, I. e., 

"'TconcfntrataVlont than 0.66% fta cultures hehave exactly 
as the controls. In concentrations of 1.5 % or more all the cells will 


URETHANE 1% 



Fig. i. 

Effect of urethane on mitosis at various times. 

Ordinate: Number of mitoses per 1000 cells. Abscissa; Number of hours after 
addition of urethane. — The inhibition at meta-phase (increased number of 
metaphases and reduced number of ana- and telophases) becomes more in- 
tense with the time in which the cultures have been exposed to the action of 
urethane, — The inhibition of mitotic activittj (reduced number of prophases) 
soon becomes apparent. Mitotic activity falls further during the experiment. 


soon be damaged to such an extent that only during the first hours 
it will be possible to speak of a special mitotic effect. 

Urethane affects mitosis in two ways: 1) Mitotic activity is re- 
duced, i. e., fewer cells than normal commence mitosis. 2) Mitosis is 
inhibited at metaphase. 

In the differential count the low mitotic activity manifests itself 
in a reduction of the number of prophases. The inhibition at meta- 
phase becomes evident by an accumulation of cells at this stage with 
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a simultaneous fall in the number of ana- and telophases. The number 
of cells that accumulates at metaphase as a consequence of the arrest 
at this stage is, on the one hand, dependent on how intense the mitotic 
inhibition is, on the other hand, on how much the mitotic activitv 
has been reduced. ^ 

The diagram (Fig. 1) shows the effect of urethane on mitosis at 
various as found in the differential counting of mitotic phases. 

The inhibition at metaphase (increased number of -metaphases and 
reduced number of ana- and telophases) becomes more intense with the 



conctnfrations of urtfhant 

Fig. 2. 

Effect of different urethane concentrations on mitosis. 

Ordinate: Number of mitoses per 1000 cells 6 hour after addition of urethane. 
Abscissa: Concentrations of urethane. The inhibition at metaphase (increased 
number of metapbases and reduced number of ana- and telophases) and the 
inhibition of mitotic activity (reduced number of propbases) intensify with in- 
creasing strength of the urethane concentrations. 

time in %vhich the cultures have been exposed to the action of urethane. 
The inhibition of the mitotic activity (reduced number of prophases) 
becomes apparent soon after addition of urethane. When the curve 
representing the number of metaphases shows declining values 1 
hours after addition of urethane, i. e., at a time where the arrest at 
metaphase according to the low ana- and telophase values should e 
almost complete, this must indicate that the mitotic activity at tha 
time is lower than during the first part of the experiment. 

The diagram (Fig. 2) shows the effect of different urethane can- 
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centmtions on mitosis as found in the differential counting of ^otk 
Tjhases — The inhibition at metaphase (increased number of meta- 
pbases and reduced number of ana- and telophases) becomes more 
intense with increasing urethane concentrations. In a concentialion 
of 1.2 % the number of ana- and telophases is ml, i- e., the arrest a 
metaphase is complete in this concentration. The inhibition of the 
mitotic activity (fall of number of phosphases) becomes more intense 
with increasing urethane concentrations. When the curve representing 
the number of metaphases shows declining values in concentrations 
of 1.2 % or more, i. e., in concentrations w'here the arrest at melaphase 
according to the ana- and telophase values should be complete, this 
must also mean that the mitotic activity has been reduced to a greater 
extent in high concentrations. In a concentration of 1.5 % the inhibi- 
tion of the mitotic activity is complete. 

It is thus seen that the intensity of the two effects which urethane 
exercises on dividing cells: reduction of the mitotic activity and arrest 
at metaphase, is proportional to the strength of the urethane con- 
centration and the time in which the cells have been exposed to the 
action of urethane. 


Cytoloffical Action. 


Mitoses. 

In concentrations of 0.35 % or less no effect of urethane was seen. 

In the lowest active concentration, 0.66%, there w^as an 'inr 
considerable reduction of the mitotic activitj' and a slight inhibition 
at metaphase; the mitoses were morphologically normal. 

In the higher concentrations, 0.8 — 1.6%, considerable morpholo- 
gical changes at metaphase were seen. The changes found may be inter- 
preted as a progressive degeneration at metaph^se. The types of meta- 
phases found may be divided into 5 groups : 

1 ) Normal metaphases. In the early part of metaphase the chromo- 
somes were scattered throughout the cytoplasm (Fig. 3). In the last 
part of raetaphase the chromosomes formed a normal equatorial plate, 
in which individual chromosomes could be distinguished, and the 
spindle was descernible (Fig. 3). 

2) In some of the cells the chromosomes of the equatorial plate 
had fused, forming a compact disk. In some places of this disk a few 
individual chromosomes could still be distinguished. In addition, some 
of the fibres of the spindle could be seen (Fig. 4). 

The remaining types of metaphases found in the cultures were 
abnormal and more or less degenerated. 


3) A common type of abnormality was failure of some of the chro- 
niosomes to become attached to the equatorial plate (Fig 5) The 

traTtTnTr equatorial plate tended to con- 

tract and bunch together (Figs. 6—8). In such cells fibres of the 
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Fig. 3. 


Fig. i. 



Fig. 5. 



Fig. G. 


Figs. 3 — iO. 

Progressive pyknosis in mitoses arrested plate 

Fig. 3; Normal metaphases. Fig. 4; Metaphase ^ metaphase: some 

with incipient coalescing of chromosomes. Fig. 5. Abnormal n 



lUO 



Fig. 9. 


Fig. to. 


chromosomes have remained outside the equatorial plate. Figs. 6 — 8: Abnormal 
metaphases ^Yith chromosomes remaining outside the equatorial plate and 
M'ith coalescing of chromosomes. Figs. 9—10: Markedly pyknot.ic metaphases. 
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-spindle could still be seen, but in the photographs it proved impossible 
to identify the spindle. 

4) Gradually as the chromosomes fused the equatorial plate was 
reduced to a chromatin bunch in the middle of the cell. The cytoplasm 
was dark as in pyknotic cells (Fig. 9). In the dark cytoplasm it was 
still possible to see remnants of the spindle. Thus it cannot be doubted 
that cells of this appearance really were metaphases. 

5) Later on the metaphases assumed a still more pyknotic appear- 
ance. The chromosome bunch had decreased in size, the cytoplasm 
was very dark staining, and the spindle had disappeared (Fig. 10). 

The conditions in urethane concentrations behveen 0.8 and 1.2 % 
were essentially uniform, and accordingly the morphological changes 
in these concentrations will be described collectivel 3 ^• Two hours after 
addition of urethane a fairly equal distribution was found among a) 
metaphases with normal equatorial plate (Fig. 3), b) metaphases with 
-formed equatorial plate with incipient pyknosis (Fig. 4), and c) meta- 
phases w’ith abnormal equatorial plate with incipient pyknosis (Fig. 
5). After 4 hours most frequently abnormal metaphases with more or 
less advanced pyknosis were found as is seen in Figs. 5, 6, and 7. 
After 6 hours the markedly pyknotic types as shown in Figs. 8 and 9 
were in excess. After 24 hours only types as shown in Figs. 9 and 10 
were found. 

In a urethane concentration of 1.5 % the pyknotic changes occur- 
red much earlier. After 15 minutes nearly exclusively abnormal meta- 
phases as in Figs. 6 — 9 were found. After 2 hours all metaphases were 
markedly pyknotic as in Fig. 10. 

Interpretation. The changes described may be explained as a pro- 
gressive pyknosis in mitoses which have been arrested at metaphase. 
The mitotic process can proceed to the end of the metaphase with the 
formation of a completely normal equatorial plate, but it is, however, 
possible that this occurs only during the first couple of hours after 
addition of urethane. Most frequently abnormalities in the formation 
of the equatorial plate occur, as some chromosomes remain outside 
the equatorial plate. 

In all these cells a mitotic spindle has been formed. According to 
Ludford’s investigations on sodium cacodylate and colchicine the ar- 
rest at metaphase produced by these compounds was due primarily to 
the failure of the mitotic spindle to form and function in the norma 
manner. The studies presented here show that an arrest at metaphase 
may occur even though a mitotic spindle has been formed. 

When the cell has been held up at metaphase for some time, it 
degenerates. The chromosomes coalesce as the pyknosis progresses. 
This applies both to the chromosomes in the equatorial plate and those 
remaining outside the equatorial plate. At the same time the cytop asm 
•stains deeply. Not until the mitoses have reached a certain degree o 
jiyknosis does the spindle disappear. 



There may be two causes of the degeneration of mdoses arrested 
• at metanhase It is possible that a cell which has been impeded in its 
normal function is unable to survive. Furthermore, 
a direct toxic effect on the metaphase, so that in addition to the ho c 
np at Ulis stage it also causes death of the cell. That at least the attei 
Ziditln is present can he seen from the fact that a 
concentration, 1.5%, induces pyknosis much earlier than the lowe 
concentrations. This does not. of course, exclude the possibility that 
both factors may he operative as the cause of pyknosis in the lower 
concentrations. 


Non-dividing Cells. _ ^ i 

Urethane concentrations which do not affect mitosis, 0.35 % and 

less, also leaves non-dividing cells intact. 

The lowest urethane concentration which affects the mitoses, 
0.66 %, docs not seem to influence the morphology of the resting cells. 

The urethane concentrations which had a strong injurious effect 
on mitosis, 0.8— 1.5 %, also affected to some extent non-dividing cells, 
but not at all to the same degree as the mitoses. 

When the cultures had been exposed to tbe action of urethane 
in concentrations of 0.8 — f.2 % for 6 — 10 hours, slight damage to a 
few of the resting cells initiated. In these cells vacuoles w’cre present 
in the cytoplasm. Some of the cells became pyknotie; They were small 
and round, and had lost contaet with the other fibroblasts; the small, 
deeply stained nucleus was excentrically lodged, but had preserved its 
nuclear structure. Tliese changes were especially seen in the peri- 
pheral parts of the cultures. After 24 hours a considerably larger num- 
ber of pyknotie cells and cells w’ith vacuoles in the cytoplasm were 
found. At that time about one half of the fibroblasts showed these 
degenerative changes. The rest appeared quite normal. 

In a concentration of 1.5 % the degenerative changes initiated in 
a few cells already after 15 minutes. The number of degenerated cells 
increased gradually, and after 6 hours the majority of the fibroblasts 
were pyknotie. 

Interpretation. In concentrations of 0.8 — 1.2 % urethane had a 
markedly injurious effect on the mitoses. The morphology of resting 
cells was also affected by these urethane concentrations, although to 
a less degree. When resting cells had been exposed to the action of 
urethane for 24 hours, degenerative changes occurred in some of them 
hut the majority were, however, morphologically normal. 


Effect of Urethane on Cell Emigration. 

culture is dependent on two factors: 1) The emi 
gration of cells from the explant. 2) The multiplication of emigratin 
cells by mitosis. A substance possessing a selective destructive aclioi 
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on llie mitoses should accoi’dingly allow ;i certain growth of the cul- 
tures, though with a smaller zone of outgrowth than normal, since 
that part of the growth of the cultures which is due to emigration has 
been preserved. If the substance also inhibits that part of the funclimi 
of the cell which induces emigration, no growth occurs. 

As urethane exercises an injurious effect on the mitoses, while a 
great many of the non-dividing cells do not undergo morphological 
changes, the following experiments were performed in order examine 
the emigratory power of the cells. 

Cultures were grown in a urethane-containing medium, and their 
zones of outgrowth were compared with those of the controls. 

Urethane Concentration without Mitotic Effect. In cultures with a 
urethane concentration of 0.2 % no inhibition of growth was seen 
after 48 hours. 

Urethane Concentration with Weak Mitotic Effect. In cultures with 
a urethane concentration of 0.66 % growth was slightly reduced after 
24 hours, and considerably reduced after 48 hours (approximately 
50 % of the growth of the cultures). 

Urethane Concentration with Pronounced Mitotic Effect. In cultures 
with a urethane concentration of 1 % there was no growth at all after 
48 hours. 

Interpretation. The failure of cultures with a urethane concentra- 
tion of 1 % to produce any growth at all indicates that besides da- 
maging the mitoses urethane also damaged resting cells so much that 
they became incapable of emigrating from the explant, even though 
many cells remained morphologically normal. 

It is impossible to say whether the reduced growth in a urethane 
concentration of 0.66 % was due exclusively to the mitotic inhibition, 
or whether it was also, to some extent, due to a reduction of the 
emigratory power of the fibroblasts. 


Is the Damaged Function of Non-dividing Cells Irreparable? 

It cannot be expected that urethane should affect the cells of the 
organism in the same constant way as it does in the cultures. The 
cells of the organism will be under llie influence of urelbane only foi 
a certain length of lime, which is, at least in part, determined by the 
proportion between the absorption and elimination of urethane. It is 
therefore important to demonsti'ale whether the damaged function o 
non-dividing cells is irreparable. In order to investigate this prohlcni 
the following experiments w’crc made. 

Urethane xvas added to some growing cultures as' in the experi- 
ments already described: The cultures xverc allowed to groxv in a con 
centration of 1 %, and were then Iransfcvved to a normal urcthane- 
frec medium. After another 48 hours the zones of outgrowTh o wse 
cultures xvere compared xvilh those of the controls. 
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It appeared that cultures 

the action of urethane next 48 hours the growth 

urethane-free medium, and that alter 

corresponded to that of , exposure to the action of 

Interpretation. Even «fter 2 the fibroblasts 

urethane in concentrations capab ^ ^he urethane was 

A"r;^c"ac«on of urC.ane had 
rLmcXnnall damage on the non-divMing caUs. 

Stabilitij of Urethane in Culttircs. 
in order lo be able to evaluate the results of the expcrimenls it .s 
fan! In imnw whether the urethane concentration icinains con 

the supernatant fluid svas added to other cultures, which did nol con- 

tain urethane; , 

To some cultures a urethane solution was added, so that the con 

centration in the culture became 1.2 %. After 6 hours the effect on 
mitosis was as described above for this urethane concentration. Ihc 
fluid from these cultures was now added lo urethane-freo cultures, 
four drops to each culture. Thus the urethane concentration should 
he 0.8 %, provided that the original amount of urethane was still pre- 
sent in the fluid. After 6 hours the same effect on mitosis was seen 
as in the cultures where the urethane concentration was 0.8 % after 
addition of fresh urethane solution (Table 7). 


Table 7, 


Time aHer 
nridition of 
urethane 

Nudilipr of niilosps piT lliousnnil cells 

.Solution from old cultures. 1 

Presumed uretliiine content: 0,8% j 

Fresh .solution. 

Ilnown Hrollinne conlenl; 0.8% 

Total 

count 



Ann- mid 
teto- 
pUascs 

Total 

count 

Pro- 

phases 

Metn- 

phascs 

Ann- mid 
telo- 
phases 

6 hours 

75 

0 

74 

1 

B 

1 

76 

10 


Interpretation. These experiments show' that even at a lime when 
urethane had exercised a definite influence on mitosis, it remained in 
the cultures, its concentration not being appreciably reduced. 

Comments. 

The present investigations on the influence of urethane on fibro- 
blasts in vitro have show'n that urethane has a general cytotoxic ef- 
fect. However, in certain concentrations, 0.66—1.2 %, urethane inflicts 
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damage mainly on dividing cells. It inhibits the mitotic activity anrf 
arrests the cells at metaphase. 

In the said concentrations a great many of the resting cells will 
appear morphologically normal. Certain functions of the resting cells 
must nevertheless, in spite of the normal appearance of the cells be 
damaged. This appears from the fact that the fibroblasts were unable 
to emigrate from the explant when the cultures at the explantation 
contained urethane in a concentration capable of inhibiting mitosis, 
The damage to resting cells is, however, not irreparable, not even after 
24 hours, since the cells can continue their growth in a normal man- 
ner when the urethane is removed from the cultures. 

Urethane must therefore be classified as a mitotic poison. 

In Dustin’s opinion mitotic poisons may be divided into 2 groups: 

1) Substances preventing the onset of mitosis (trypaflavine effecl 
or radio-mimetic eff&t). 2) Substances arresting mitosis at metaphasr 
(colchicine effect). Urethane, however, possesses both these effects 

Urethane differs from most other mitotic poisons in two ways; 1) 
Rather high concentrations are required to obtain mitotic inhibition 
2) The margin between the concentration inducing mitotic inhibitior 
and that inducing pronounced cytotoxic damage is fairly narrow. 

As mentioned in the introduction P. Dustin^ found in in vivo ex- 
periments on mice that the mitoses disappeared almost complete^ 
from the Lieberkiihn crypts 10 hours after injection of urethane. Ir 


analogy with these experiments the investigations presented here shou 
that urethane in vitro induces a pronounced reduction of the mitotic 
activity. Simultaneously with the disappearance of mitoses DusHr 
found, however, a large number of pyknotic cells, which, in his opinion 
were cells which had been destroyed at a stage just prior to prophase 
In our tissue, cultures a large number of pyknotic cells W'ere found 
after 10 hours’ action of urethane. These pyknotic cells were, in at 
probability, cells that had degenerated at metaphase. A gradual transi- 
tion was found in the cultures from early metaphases and abnorma 
equatorial formations to these pyknotic cells. Firstly, the individual 
cultures contained transitional types of these cells, secondly, it wa; 
observed that the number of pyknotic mitoses and completely pyknotic 
cells increased with the time in which the cultures were exposed tc 
the action of urethane. These findings support the view that u 
markedly pyknotic cells found in the cultures were pyknotic meta- 


phases. . , 

It will be noticed that the urethane concentration required to induce 
inhibition of mitosis in cultures was fairly high, namely 0.66— o 
which by far exceeds the concentrations that can be obtained in u 
organism during a urethane treatment. It may be explained y ^ 
varying degree of susceptibility to urethane found in different tissues, 
and bone marrow is presumably, particularly if leukemical y yP^f 


plastic, more susceptible than fibroblasts. 
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According to MoeschUn’s^^ invesligalions different cells vary in 
susfeptibilitj^ to urethane. He demonstrated that in the 
S cells of the myeloid series did not respond to the usual urethane 
doses 4 g daily. On the other hand, the number of lymphocytes de- 
creased. Leukemic cells in patients ^^1th myeloid leukemia responded to 
urethane treatment with a decrease so heavy that Mocschhn stated 
that urethane had a selective effect on myeloid leukemic cells. 

But even though the susceptibility of leukemic tissue and fibro- 
blasts to urethane may differ, the mechanism of mitotic inhibition 
may nevertheless be identical. These in vitro experiments with fibro- 
blasts to urethane may differ, the mechanism of mitotic inhibition 
principles of the effect of urethane on cell division. 


Sumnianj. 

1) Investigations on the action of urethane on cell division have 
been carried out b 5 ' means of differential countings of mitotic phases 
in tissue cultures of chicken embryo fibroblasts subjected to varying 
concentrations of urethane during varying periods of time. 

2) Urethane has a general cytotoxic effect. In certain concentra- 
tions, 0.66 — 1.2 %, urethane inflicts damage mainly on dividing cells. 
Mitosis is affected in two waj's: 1) Mitotic activity is reduced, i. c., 
fewer cells than normal enter mitosis. 2) Mitosis is arrested at meta- 
phase. The intensity of these effects is proportional to the strength, 
of the urethane concentration and the lime during which the cells have 
been exposed to the action of urethane. 

3) Mitosis is arrested late in melaphase at the time of formation 
of the aquatorial plate. The chromosomes arc contracted. It is a 
characteristic feature that some chromosomes remain outside the 
equatorial plate. A spindle is formed, but nevertheless the chromosomes 


cannot separate and form anaphase. The chromosomes coalesce form- 
ing a dense chromatin bunch in the middle of the cell. 

4) Many non-dmding cells show degenerative changes, such as 
vacuoles in the cytoplasm and rounding-up of cells, but the majority 
of the them remains morphologically normal. 

5) In spite of the normal appearance certain functions in the non- 

dividmg cells must nevertheless be damaged. This appears from the 
tact that the cells are unable to emigrate from the explain when the 
cultures at the explanlation contain urethane in a concentration strong 
enough to inhibit mitosis. " 

damage inflicted on the non-dividing cells is not irreparable 
the cells being capable of continuing their growth in a normal manner 
vhen the urethane is removed from the cultures. 

the '""'taK 



112 


The investigations have been aided by grants from the Lady Tata 
Memorial Trust and the Anders Hasselbalch Anti-Leukemia Founda- 
tion. 


REFERENCES 

1) Bucher, 0.: Zeitsclir. f, Zellforsch. u. mikr. Anatomi, 1939, 29, 283. 

■2) Dustin, A. P.: Comptes rendus d. 1. soc. d. biologie, 1925, 93, 465. 

-3) Dustin, A. P.: Archiv f. exp. Zellforsch., 1939, 22, 395. 

4) Dustin, P.: British Journal of Cancer, 1947, 1, 48. 

5) Dustin, P.: Nature, 1947, t59, 794. 

6) Geiersbach, U.: Archiv f. exp. Zellforsch., 1939, 23, 210. 

7) Haddow, A. & Sexton, W. A.; Nature, 1946, 157, 500. 

8) Lefevre, J.: Comptes rendus des seances de I’academie des sciences, 1939, 

203, 301. 

9) Ludford, R. J.: Archiv f. exp. Zellforsch., 1936, 18, 411. 

10) Moeschlin, S. S Meili, J.: Schweizerische medizinische Wochenschr., 1947, 

77, 1351. 

11) Moeschlin, S.: Helvetica Medica Acta, 1947, 14, 249. 

12) Paterson, E., Ap Thomas, I., Haddow, A., Watkinson, J.: Lancet, 1946, 1, 

677. 

13) Simonet, M. & Guinochet, M.: Comptes rendus d. 1. soc. de biologie, 1939, 

131, 222. 

14) Templeman, W. G. d& Sexton, IF. A.: Nature, 1945, 156, 630. 

15) Warburg, 0.: Zeitschr. f. physiol. Chemie, 1910, 66, 305. 



from hoping hospital, SWEDEN 

r,»5T.v 


ON TISSUE INDUCTION 

By Guslav Lovnndcr. 

(Received for publication September 2nd. 1918.) 

One of the most important tasks when attempting to explain the 
reactions during a healing process is to find out the causal factors 
The question then immediately arises as to whether the nc\\ly formed 
tissue emanates from the original tissue only or whether some other 
originally non-specific material might possibly also play a pari. An 
answer to this question is obviously of no little importance thera- 
peutically. If new tissue is formed from the original tissue, then it is ne- 
cessary, if we wish actively to speed up the healing process, to stimu- 
late the old cell groups to a more intense proliferation. Wc can for 
example use some kind of non-specific stimuli which produces only 
a general growth of tissue, as for example emhrj’onic extracts, auto- 
lytic products, chemicals, etc. But if the new tissue regenerates from 
an originally non-specific blastema — for example an omnipolcnt 
mesenchymal tissue — then it will be necessary somehow to add the 
component specific of that tissue. These questions can of course be 
answered only experimentally. 


Experimental methods. 

.4t an ordinary histological examination of a healing wound il i.s very 
difficult to settle the origin of the newly formed cells. This is true both of a 
simple injury to the skin and, for example, a bone fracture or an injuiy to 
a muscle. The primary and the newly formed tissues are so intimately con- 
nected that we can never decide with certainty the exact dividing line and 
relationsliip between old and new. It is necessary, therefore, in order to studv 
the different reactions during regeneration, to try other methods. The mo.st 
suitable course of action in in-vivo experiments is transplantation This me- 
thod, however, has not always been used with (bo ncccssarv discrimination 
Idany investigators simply gi-afted on the tissue - the regenerative power 
of 'S" examined - and then generally after a rather long ieriod 

f ohsei vation examined tlic preparations. If regeneration was found to be 
luesent hey concluded straight away that the new tisst le^was ^d S m oli^^ 
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from the premises and results of such an experiment is somewhat vasii Tr, * 
at the very mechanism of growth itself it is necessary to examine clSseh S 
different stages of reaction which occur in and around the implLtatinn 
A prion It Should be far from certain that a transplanted material con 
tmue to live m the new medium. Merely the fact that we wholly detach the 
tissue from Its sources of nutrition, represents a serious intervention in the 
n * circumstance we cannot simply presume 

that the vitality of the tissues increases on transplantation and that the cells 
start proliferating by dividing. The most we can expect is that a tissue isolated 
from its bloodvessels can retain its vitality for a certain time. The autolytic 
ferments soon begin their destructive activity. Neither can we expect an im- 
planted tissue to achieve immediate nutritive contact in its new sun-otindings. 
On the contrars'", it faces during the first stages a certain resistance to con- 
tinued growth in the form of various histiocytic and exudative reactions, 


which occur on the site of implantation in order to remove all physiologically 
foreign tissue. Only at a later stage can we see a vascular connective tissue, 
gi’Owing into the graft. It is evident, therefore, that we must observe very 
carefully the mutual reactions which take place between the graft and its 
surrounding area during the earliest stages after a transplantation. Such 
an exact morphological analysis demands that the grafted tissue may be 
easily^ distinguishable from the newly formed tissue in the site of implan- 
tation. It is therefore preferable to use only one relatively great lump of tissue. 
We should avoid the mistake of using cinished tissue or, as some have done, 
emulsions of tissue. With such preparations there is of course no possibility 
of discriminating transplanted and newly formed tissue as both are mixed. 
A single piece of tissue, however, allows us, at least during the first stages, 
to follow precisely the changes through which the graft passes, and at the 
same time to observe the changes which take place in the surrounding tissue. 

It would certainly be useful in solving this problem if we could somehow 
mark the grafts during implantation experiments in order to identify them 
more easily and isolate them from the different cell reactions which arise 
in the new milieu. It would also be of great importance if we could prepare 
the lumps of tissue in such a way that theii’ state of vitality could be judged 
before the implantation. With this in view experiments have been made with 
bone killed by boiling. These experiments, however, have never resulted in 
any regeneration of bone. This is also the case with bone fixed in alcohol oi 
formalin. The fact that Nageotte and Pollettini obtained bone regeneration 
with fixed bone was due to their special technique. They placed their fixed 
bone grafts into the external ear of a rabbit. Under such circumstances we 
cannot exclude the possibility that the hone foi’mation emanates from tie 
cartilage of the ear. If, however, we implant fixed bone subcutaneously in any 
other part of the body we do not obtain any regeneration {PollcUmi, 
der). A method has recently been published Avhich is a refinement of tnai 
used for these implantation experiments. Grefhcrg has shown that ^ 
grafts can be prepared ivith trypan-blue in such a way that a, ’ 

can, nevertheless, occur. If a piece of muscle is placed in a solution o i y P 
blue the external layers are coloured blue diffusely. This shows la i 
superficial muscle fibres of the graft are in all probability 
the moment of transplantation. By staining the preparations by \ 

method we can afterwards obtain a clear difference in colour ' 
grafted lumps of muscle and the regenerated muscle whicli appeal 


around the graft. . , , 

I shall now give a short description of some implantation e, j 
perfoiTOed in accordance ivith these principles. The descnp Tnvscif 

mented by some e.xtract experiments on bone tissue, ^ 
to only two kinds of tissue which are related to each othei bo 1 l . o 
ally and embrymnically^, namely bone and musculature. 
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BONE TISSUE 

There wre nl present really only two schools of 
the periosi theory and the so-called metaplasljc theory. Ihc fornici 
theory slates that in the soft parts — periost, hone marrow and the 
content of the Haversian canals — surrounding the hard hone there 
arc always young undeveloped hone colls (oslcoJ)lasls). which can, 
when necessary, develop bone-forming activity. This means from a 
casual point of view that the specific hone-forming energy nccessary 
for the regeneration of hone tissue is deposited in these young osteo- 
blasts. They arc if we use an cmhrj'Ogenic term stable determinated. 
Any kind of stimulation, even a non-specific one, causes an osteoblast 
to develop into hone tissue, 'riic mclaplaslic theory, on the other hand, 
rules out any such pre-existing osteoblasts and emphasizes instead 
that hone can develop out of non-sjiecific connective tissue. The sup- 
porters of the mclaplaslic theory could not, however, explain the rea- 
son why the hone forms from connective tissue. Recently, however, 
Levamicr lias bridged this causal gap in llic mclaplaslic theory by 
proving that a substance cxlraclahle by alcohol from hone tissue and 
bone marrow can activate young connective tissue into forming car- 
tilage and hone. 


The periost and the mcsenchijma! zone of growth. 


On account of the varying structure of the periost at different ages, 
I have for several reasons considered it desirable to distinguish even 
in name helwcen the periost in the young and in adults. The internal 
layer, rich in cells of the periost — normally Icrmcd Jlie cambium 
layer — acts as a zone of growth and must, Ihcrcfore, like llie other 
growth zone — the epiphysis — he considered as actual lione tissue. 
The histological structure of this camhium layer rc.seinblcs that of 
ordinary mcscmchyinal tissue. This tissue rich in cells is hounded out- 
wardly by a membrane consisting of ccll-dcficienl connective tissue. 


In full grown adults the zone of growlli di.sappcars, and tlic membrane 
of connective tissue remains. Only this membrane, which during the 
period of growth separates the growth zone, and later the definitive 
bone tissue, from the surrounding soft parts, ought to be termed the 
periosi. Consequently the periost has llic same function as a capsule 
surrounding a parenchymatous organ. The mesenchymal growth zone 
must, on the contrary, he considered as part of llie achiarbonc tissue. 

New. we know from very many experiments llial transplanting 
the periost of adults docs not result in any new hone formation. 
Baetzner carried out such a scries of experiments on 56 dogs with 
consistently negative results. The periost has, therefore, no oslcogcnctic 
power. Because of its proximity to the bone tissue, it plays a 'ccrlain 
role m the extension of the callous tissue in as much as it can limil 
the spread of the formation of new hone. 


R* 
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The outcome of transplanting the mesenchymal zone of growth 
in the young is quite different. Ever since the experiments of Heine 
and Ollier, we know from considerable experience that bone regenera- 
tion occurs after both free and stalked grafts from this layer. These 
experiments are very important as they are to a great extent responsible 
for the idea of specific osteoblasts. As transplantation of this growth 
zone, rich in cells, resulted in bone regeneration, it was simply as- 
sumed axiomatically that the formation of bone was a result of a 
continued growth of the transplanted cells in the new medium. As a 
rule the period of observation was very long — from weeks to months 
— and no accurate analysis of the tissues was made. If, how'ever, the 
preparations are examined carefully at a very early stage after the 
transplantation, the results are quite different. 


Implantation experiments. 

In previous papers the present writer has described experiments 
with implantation of the different skeletal parts into a soft medium 
— musculature or subcutis. By implanting the mesenchymal growth 
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zone llic microscopic cxnniiimlion of the imj)lnnlnlion piepaialions 
reveals llial degencralive changes soon occurs in the graft — only two 
days after the implantation the structure of the nuclei hecome in- 
distinct. After five days the first signs of a hone regeneration appears. 
This hone formation always starts peripherally in the young tissue, 
newly formed on the site of implantation, and has no connection with 
the grafted tissue. In fig. 1 we see how the cells from the newly formed 
non-specific tissue migrate towards an elongate zone, consisting of 
dcnslj' packed nuclei surrounded 1 ) 5 - only a scanty amount of pro- 
plasma. From this zone of growth the osteogenesis starts. 

Similar experiments with the hard hone tissue without its pcriosl 
.shows in point of principle the same results. The grafts dies a few 
days after implantion and hone formation appears around the graft 
on the sixth day. There arc no signs that the honc-rcgcncralion lakes 
place from the orifices of the haversian canals at the surface of the 
graft. In conlrarj', we sometimes find j'oung hone growing at some 
distance from the graft outside in the surrounding tissue. 

By implanting hone-marrow we find after four days all the nuclei 
of the graft transformed into irregular scaltcrcd pycnotic lumps. After 
six days the first signs of osteogenesis appears. 'I'hcy occur on the 

border helween the graft and the surrounding tissue. It is evident 

see fig. 2 — that the young hone fragment emanate from the tissue. 


Hoiip in nroi-i-Ns of formntinn 
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rich in vessel and nuclei, newly formed on the site of transplantation 
It IS of interest to notice the embryonic appearance of the newly formed 
bone with the large nuclei surrounded by an inner brighter zone — 
endoplasma — and an outer darker field — exoplasma — containing 
the stabilizing products. (See also fig 1). 


Experiments with extract of bone tissue and bone marrow. 

Notwithstanding the fact that careful morphological analysis of 
tissue reaction on transplantation of different skeletal parts shows, 
that bone cells in the graft do not continue to grow in the new medium 
and form the new bone, there is, nevertheless, every reason to believe 
that some connection exists between the graft and the regenerated bone. 
I thought, therefore, of the possibility that the dying bone graft might 
emit a substance capable of activating the young mesenchymal tissue 
in the surrounding areas into forming new bone. In order to prove 
the existence of this hypothetical agent, I prepared an extract of bone 
and injected it into a medium of soft tissue.^) 

In the first series of experiments aqueous extracts were used. The 
results were negative. I then decided to resort to alcoholic extracts on 
the assumption that the subsance might possibly belong to the lipoid 
group. Out of 70 experiments on rabbits, using extracts either of pure 
alcohol or alcohol acidified with hydrochloric acid, I obtained forma- 
tion of cartilage or bone on the site of the intramuscular injections in 
22 % of the cases. Simultaneous experiments with injection of pure 
alcohol or alcohol extracts from connective tissue or musculature info 
80 controls did not result in a single case of bone regeneration. The 
first to verify these experiments was Annersten ( 1940). He used mainly 
acidified alcoholic extract, which he prepared in various ways. Out 
of 108 attempts to test the activity of the extracts, Annersten obtained 
formation of bone or carilage in 45 cases. It is of interest that he was 
able to prove that the active factor is soluble in benzene and oil. He 
also carried out a number of controls. For these he used both pure 
alcohol and alcoholic extract of liver and muscle, and in some cases 
even added calcium and phosphorus. In 4 out of 102 controls forma- 
tion of cartilage or bone was obtained. 

Bertelsen thought it of interest to see how' extracts from the various 
skeletal layers, react. He therefore carried out several different senes 
of experiments. Besides preparing extract of all the layers of the lone 
tissue, he isolated bone marrow', corticalis, epiphysis and periost an 
made separate extracts of each of these strata. As solvent e use 
acidified alcohol. All the experiments w'ere homoplastic. The best resu 
was obtained with the marrow. In 12 different cases cartilage or none 

1) I shall not deal with these experiments in detail here, hut merely gi'& 
some of the most important results. 
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formation appeared 10 times - 83 %. With extract of corticahs only 
positive results were obtained in 5 cases out of 12. Eplnhysis extract 
eave 4 positive cases out of 12, as did also periost from young animals. 
With extract of all skeletal parts, cartilage or bone formation uas 
obtained in half the cases ^ 12 experiments, 

cartilage or bone formation in altogether 29 cases out of 60 48. /a 


In his control experiments Bertelsen used both acidified and pure 
alcohol, and alcohol extracts of muscle, liver, suprarenal body, brain 
and bile. Osteogenesis was obtained once in 3/ experiments. He also 
tried ergosterol and Vitamin D four times with negative results. In 
all, osteogenesis occured in one case — liver extract out of 41 ex- 
periments. 

Lacroix describes cartilage and bone formation after homoplastic 
injections of extract in rabbits. He prepared an alcoholic extract from 
the epiphyseal cartilage of new born rabbits, and could then show 
»the presence of all the structures which may be analysed in a growing 
long bone« on the site of injection. 

I an at present engaged — in collaboration with WiUstaedt — in 
trying out heteroplastic extracts of bone marrow. We use bone mar- 
row from calf and inject the extract into rabbits using my original 
method. We divided the lipid substance in the bone marrow by saponi- 
fication into (a) the unsaponifiable fraction, (b) the fatty acid frac- 
tion, and (c) the residual solution after saponification and extraction 
of (a) and (b). Fraction (c) was totalb' inactive, but the other two 
fractions gave slight positive results. As the results of these experi- 
ments were not on the whole encouraging, we returned to the original 
method of extraction with acidified alcohol. The alcoholic extracts are 
then fractionated by different methods and various dissolutions in 
benzene, ether, petroleum-ether, etc. We have obtained active extracts 
and positive results in 45 to 75 % of the cases in several series of such 
experiments. 


the striated musculature 


Unlike those regarding the regeneration of bone, the prevailing 
theories on the regrowth of striated musculature are fairly uniform. 
Tlie regenerated parts are thought to emanate from the primary 
musculature. It is only on the method by which the new musculature 
is actually formed that opinions differ. 


It IS generally held that a regeneration of muscle is always base, 
on muscle degeneration, both in purely toxical and in traumatic in 
juries. The state of affairs has given rise to a theory which is linke( 
up with the so-called sarcol^dic conception. During the degeneratioi 

McleiTnd somi’’ destroyed, while Ih. 

nuclei and some sarcoplasm preserve their wtality. The parts of th 
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muscle tlius surviving are transformed into so-called »Muskelk6rper- 
chen«, which absorb the degenerated contractile substance by phL- 
cytosis, and become sarcoJytes. The sarcolytes occur within the old 
sarcolemmal sheath. The central parts of the sarcolytes degenerate 
while the peripheral parts are transformed into sarcoWasts and iorni 
the new muscle fibres. This form of muscle generation has also been 
called the discontinuous type. 


As opposed to the sarcolytic idea, we have the theory of regenera- 
tion through so-called bulbous ends. The new muscle elements are 
thought to grow out of the uninjured part of the muscle fibre in the 
form of fibres or »pIasmodia«. In contrast to the preceding theory, 
this kind of muscle regeneration has been termed continuous. The 
theory of direct proliferation from the original, living musculalure 
in. both toxical and traumatic injuries prevails more and more over 
that of discontinous regeneration. 

When investigating the tissue reactions during muscle regenera- 
tion, the relatively small areas comprising the actual cut surface in 
traumatic injury and the immediate neighbourhood of the muscle 
fibres in toxic damage have normally been used. Within these small 
areas a large number of different reactions evidently accumulate. 
Frantz, Stout and Clarke write »as a matter of fact, in the inflamma- 
tory reaction which folloivs the injury it is difficult to be sure of the 
changes in the muscle in the presence of the cellular infiltration*. 
Pfuhl also emphasizes the same facts and points out that just because 
of them it is necessary to search for ne%v ways of solving this difficult 
problem. 

Further, it is worth noting that we seldom find a clear presenta- 
tion of the problem itself in the writings of those who have devoted 
themselves to its study. They left it wholly to the microscope to settle 
the problem, and often used the greatest possible magnification. The 
difficulty of interpreting the observations accurately has already been 
stressed. For this reason, our theories must of course be restricted in 
value for the time being. 

As far as we can judge there is no reason to assume that different 
tissues and organs regenerate by means of different mechanisms, 
comparison with other tissues ought, therefore, to he of value wien 
framing the problems concerning the regeneration of muscles. In a - 
dition, we should try to find a fundamental parallel between embryonic 
development and postfoetal regrowth. Even here there is no reason or 
us to believe that two different mechanisms exist. It seems reasonab e, 
therefore, to compare the regeneration of musculature with t a o 
bone issue. From the standpoint of embryology, both have devciope 
from mesenchymal rudiments. 

We have seen how the newly formed bone tissue emanates tr 
a mesenchymal medium. We therefore ask ourselves in ivhat . 
mesenchymal tissue connected with the regeneration of musculatu 
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The problem of muscle regeneration is then reduced to the following: 
can musculature regenerate from a mesenchymal blastema or does it 
grow out of the pre-existing muscle tissue? When faced with such a 
question, we must of course select for our investigation a material 
able to give a satisfactory answer. The experiments must be so ar- 
ranged that we have both a rich mesenchymal medium and degenerated 
musculature. The muscle preparations we obtain after injection of 
alcohol extracts of bone, provide just such suitable. material for the 
study of these questions. 


Injection experiments. 

Intramuscular injections of alcohol in a concentration of 30 — 40 % 
produce more or less widespread muscle damage and, in addition, 
abundant formation of young mesenchymal tissue rich in vessels. The 
injections were made into the rectus femoris in rabbits. Fine regenera- 
tion pictures are obtained if a 10 % solution of bile is added to the 
alcohol. Too high concentrations of bile result in too widespread 
necrosis. It is most effective to make two injections of 2 cc alcohol- 
bile with an interval of two days. The preparations were taken eight 
days after the second injection. They give varying pictures. Both the 
degenerative and the regenerative changes vary considerably in extent 
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and relative position. It often happens that the newly formed muscu- 
lature lies like small uniform spindles close to the injured or living 
preformed musculature. On account of this more or less intimate 
contact it is, of course, impossible to judge the relationship between 
the pre-existing musculature and the newly formed muscle tissue. On 
the other hand, it is not difficult to find pictures in which we can 
clearly distinguish beUveen old and new muscle tissue. It is not un- 
common to find the regenerated elements arising like small spindles 
grouped like a shoal of fishes. A more detailed morphologic analysis 
of such »muscle shoals« may he of interest. Fig. 3 gives a general sur- 
vey. Not infrequently' these formations are triangular in shape. We 
find small spindle-like muscle fibres roughly uniform in size and shape 
and at fairly constant distances from one another. Even a rapid survey 
shows that it is a question of systematically organized tissue and not 
an irregularly growung histiocytic granulation tissue. We meet with 
the same picture every'where, even in serial sections. No contact exists 
with the preformed tissue, and the muscle spindles do not touch one 
another. This fact appears still more clearly with somewhat greater 
magnification — see fig. 4. The spindles lie fairly far apart, each sur- 
rounded by a mesenchymal medium. It is of interest to observe that 
the ends of the muscle fibres are, so to speak, fringed into the sur- 
rounding medium. There is, therefore, no marked boundry between 
muscle and mesenchymal tissue, so that the transition is diffuse and 
Ihe individual muscle fibres fade indiscernably into the fine meshes 



Fig. -f. 

The same prep, as fig. 6 in greater maiiification. 
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of the mesenchymal net. Alongside the muscle spindles however the 
houndry with the surrounding tissue is more sharply marked. Furt iei, 
we observe the large nuclei with clearly defined chromatmic net so 
typical of young muscle fibres. 


Discussion. We have a triangular field of young muscle spindles 
of equal size. The lateral delimitation of the field consists of con- 
nective tissue only. By using serial sections we can observe that the 
limits in the planes which arc invisible in the picture also consist of 
connective tissue. The basis extends into the preformed musculature, 
which is for the most part necrotic as a result of the action of alcohol. 
A direct morphologic contact between the j'oung muscle spindles and 
the preformed musculature cannot be observed. I have convinced my- 
self of this by a careful examination of serial sections. From a theo- 
retical point of view it is possible to imagine that the muscle spindles 
have arisen — in connection with the injections — as a result of 
part of the original muscle sets having become scattered and torn loose 
from their connections and afterwards taking up positions outside in 
the newly formed mesenchymal tissue. If this were the case, we ought 
of course to have observed fully-developed musculature and the new 
growth side by side. But we find only young muscle tissue. The large 
nuclei also prove that wc have here very early stages of formation. 
Further, we see that all the young spindles within the field of vision 
are of about the same size, and must for this reason be considered 
to be in the same phase of development. If the j'oung fibres had 
emanated from some special matrix consisting of preformed muscu- 
lature, we should have expected to find muscle fibres in various 
stages of development, with the youngest rudiments closest to the 
presumable growth zone, and the more developed tissue further away 
from it. The even distribution of young muscle spindles of equal size 
within the entire field of vision argues unquestionably against such a 
growth mechanism. 

Therefore, the morphological analysis of the tissue reaction in 
these injection experiments gives the following results. The earliest 
muscle rudiments are completely surrounded by a mesenchj'mal 
blastema. We can clearly see how the young individual inuscle fibres 
branch out into the finely-meshed mcsench5mal net. On the other 
hand, we find no contact anj^vhere between the young regenerated 
muscle and the primary musculature. For these reasons a mesenchvmal 
genesis seems more probable than a proliferation from preformed 
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Implantation experiments. 


In order lo study further the question of muscle regeneration I 
performed a number of implantation experiments on rabbits. A lump 
of rnuscle from the thigh was grafted into the subcutis. The period 
of observation varied between 3 and 15 days. 


Microscopic examination. All the preparations are made up of a 
central part consisting of the implanted tissue and a peripheral area 
of young mesenchymal tissue. If we follow the fate of the muscle 
graft, we observe clearly after only 3 days how the vitality abates. 
The nuclei become pycnotic, the striation is missing or indistinct. 
Nowhere in the grafted muscle fibres do we find any proliferative 
activity. In preparations taken after a longer period of observation, 
%ve have roughly the same situation. The muscle fibres lie like 
structureless chords. In the superficial layer of the graft we see some 
signs of disintegration in the later preparations. A little way in among 
the lifeless fibres w'e meet here and there accumulations of common 
non-specific granulation tissue. On the actual boundry, facing the sur- 
rounding connective tissue, we find the same histiocytic reaction tissue 
growing in large masees around the notched muscle fibres. Some fibres 
lie like loose fragments in the phagocytizing granulation tissue. No 
proliferative growth can be observed in this lifeless disintegrating 
muscle tissue. Quite a different picture is presented by the tissue which 
surrounds the graft like a capsule. In the earliest preparations, the 
capsule consists of young mesenchymal tissue with a rich accumula- 
tion of young capillaries. The reactive accumulations of cells are still 
relatively rare, and there is no specific growth of new tissue. In a 9- 
days old preparation, the mesenchymal tissue has differentiated to a 
considerable extent into common connective tissue, relatively poor in 
cells. The reactive non-specific cell accumulations have increased con- 
siderably and lie like a border layer around the surface of the graft. 
Outside in the connective tissue, we find here and there newdy grown 
musculature in the form of more or less elon'gated spindle-shaped cor- 
puscles. In some places we can find even rather large accumulations o 
such muscle spindles. With even greater magnification it is clear tha 
the individual muscle spindles are always surrounded by mesenchyma 
tissue. On examining the boundry between these muscle-spindles anf 
mesenchymal tissue, w’^e can also see how the thin muscle fibres 
into the mesenchymal netwmrk. In the older preparations w'e have e 
same picture with young musculature growing in varying 
in the capsule, generally rather far aumy from the lifeless ' 
young muscle rudiments have now' assumed a more elonga e y 
of thin fibres, which gather together in greater and greater hunches. 

Grefberg has studied in detail the question of the regeneration o 
musculature after transplantation, and has paid special ^ 

the fate of the graft during the first few' days after transplanta i 
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He took small lumps of muscle from the thigh of rabbits and implanted 
them in the omentum of the same animal. The period of observation 
was 1, 2, 3, 4, 5, and 6 days, and up to two or three weeks. He was 
able by these experiments to confirm the accuracy of my observations. 
The graft soon became necrotic, and xvas gradually resorbed like a 
foreign body. On the fourth day young muscle fibres arose outside 
in the new mesenchymal tissue formed on the site of implantation. 
Grefberg could observe no morphologic connection between the new 
muscle rudiments and the grafted musculature. 

In order to improve the method still further so as to get a more 
marked difference between the graft and the regenerated tissue, Gref- 
berg used special methods of staining. He prepared the lump of muscle 
with trypan-blue before implantation in the omentum. 


Trypan-blue is a semicolloidal dye, insoluble in lipoids, and in vital 
staining it stains only the non-cellular substances in the living cells, i. e. 
newly fomed granules and spaces in the protoplasm (von Mdllendorj). Ac- 
cording to Hies living cells are stained only in exceptional cases, whereas dead 
tissue is easily coloured diffusely. Slrassinaii considers that the state of de- 
generation of a tissue can he judged by staining at an early stage, when no 
morphological signs are visible. 

The musculature was placed in a 1 % solution of trypan-blue in 
water for 1 minute, after which it was discoloured in sterile physiologic 
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Fig. 6. 

The same prep, as fig. 5 in gi-eater magnification. Histiocytic reactions around 

the graft. 


salt solution for an tour, ana than graft=a to”®** '‘f M 
omentun,. Tto period of observation .vas the same “ ™ ^ 
experiment. The fixed preparations were slamed by 
with Kernechlrol-Aniline-biue.Orange. In these 
graft was after 24 hours diffusely sta.ned wdh 
Lsculature retained its hide eolour 'tooughout 
increasing period of observation. After 4 days ohser 

small, more or less oval, homogeneous j „ewl, 

appeared outside in the young ‘“I”’ the gratl 

formed on the site of implantation and tost 

like a capsule. As a rule they were not .'““"“i', ” 1 , preparation, 
a slight violet-blue tinge. Fig. 6 gives a Pt'*"' ” ' ter zone 

6 days old. We sec first the <0 

consisting of histiocytic cell reactions lb), "“‘tt * .senchymal llssue. 
consisting of young muscle rudiments m comm ^^sculature, en- 

The original graft is composed ^ slightest signs 

tirely in a state of disintegration We can ^ee n be- 

of proliferation. Only a few odd leucocyts magnification 

twcen the dead muscle fibres „ ±°'tte surrounding areas. We 

Of the border layer and how the phago- 

can see all the irregular histiocytic ce the lifeless 

cytic activity is taking place in he P jj ^ containing 

nLscle graft. Here and there we see multi-nuclei cell 
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Fig. 7. 

The same prep, as fig. 5. Young muscle rudimenl.s growing in the 
mesenchymal tissue. 


granules stained blue, to a greater or lesser extent. No signs of pro- 
liferative growth of living musculature is to be seen in this part of the 
preparation. If we shift the field of vision peripherally, we find an 
entirely different picture — sec Fig. 7. The irregular histiocytic cell 
reactions cease, and instead we find a tissue exactly resembling com- 
mon embr 5 mnic mesenchymal tissue in various stages of development. 
In this young blastemic tissue lie scattered the homogeneous corpu.sclcs 
mentioned above. They are grouped in an irregular but characteristic 
manner, which clearly shows that what is happening is a dcvelopmenl 
of an organized tissue. On closer examination, these small oval 
structures are seen to have a distinct longitudinal fibroid design, and 
their ends diffuse into the mesenchymal network. It is as though they 
were fringed into the surrounding medium. In some places we can even 
see traces of striation. The nuclei are relatively big with finely ramified 
chromatinic nets. These formations are almost crystal clear in the 
Domagk-stained preparations, and have as we have already staled 
only exceptionally a slight violet-blue tinge. This lack of colour is in 
sharp contrast to the markedly deep blue tone of the lifeless graft. 
As the period of observation is prolonged, the oval corpuscles become 
more and more elongated, and change into ty])ical muscle fibres in 
the fully-developed muscle. It is thus evident that the first oval cor- 
puscles in the earliest preparations must be considered to be the 
primary rudiments of regenerating musculature. Moreover, they sug- 
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gest highly the primary muscle rudiments in the earlier stages of 
embryonic development in. for example, the musculature of tL ex 
tremities. 


Discussion. The most interesting thing about these trypan-blue ex- 
periments is the obviously marked difference in colour between the 
dying graft and the regenerated musculature. Even after only 24 hours 
the graft is powerfully stained and retains this blue colour throughout 
all the series with increasing observation periods even to the stage 
when the graft consists of a single disintergrating structureless mass. 
As it is important to decide whether this blue colouration is due to 
the preparation with trypan-blue before implantation or to the aniline- 
blue during the Domagk-staining of the fixed preparation, Grefbug 
carried out control experiments. On examining a muscle lump im- 
mediately after preparation with trypan blue, it then appeared that 
only a peripheral layer of about one millimetre in breadth was stained. 
The central part was wholly undyed. It thus seems most likely that 
the blue colour of the graft is due to the staining -with aniline-bine. 
Gref berg also injected trypan-blue into living musculature, which was 
then fixed in the usual way and stained by Domagk’s method. It ap- 
peared that the living fully-developed musculature did not absorb the 
dye to more than a very slight greenish-blue shade. The connective 
tissue between the muscle fibres was, on the other hand, powerfully 
stained blue. 

We ought to be able to draw the following conclusions from these 
experiments with trypan-blue. The fact that the muscle graft is stained 
blue indicates that the musculature dies at an early stage after im- 
plantation, long before there are any signs of regeneration. Domagk- 
staining shows that both newly formed and fully-developed Hying 
musculature either cannot be stained at all or only to a very slight 
blue shade. On the other hand, muscle grafts where we have positive 
evidence of death — the nuclei have disintegrated and the design is 
totally effaced — become clearly and powerfully stained blue after 
2 weeks. The fact that the musculature can be stained by Domagks 
method ought, therefore, to signify that the graft is dying or its vitality 
-abating. Moreover, the diffuse staining with lypan-blue of the super- 
ficial layers of the graft shows us that these layers are already ca 
at the moment of implantation. The newly formed musculature w imi 
regenerates 4 days after implantation is totally, or almost tota y, u 
dyed, and has all the characteristics of young embryonic muscle ru - 
ments. This difference in susceptability to staining does not, ° ’ 
indicate any direct morphologic connection between the muscle g < 
and the regenerated muscle tissue. 

Le Gros Clark has recently made some interesting 
during regeneration in muscle tissue grafted »in situ«. He excise s 
lumps of muscle and grafted them again »in situ«. 
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observation varied between 3 days and 3 weeks. 10 minutes before the 
preparation was removed, bromophenal-bluc was injected intravenous- 
ly for the purpose of studying the vascularization of the graft. Alter 
3 days the muscle graft looked like »a yellow slough, and was entirely 
unstained in contrast with the blue colouration of the surrounding 
muscle«. A histologic examination showed »thc grafted fragments to 
he composed almost entirely of dead muscle fibres devoid of nuclei 
and undergoing fragmentation. At the immediate surface of the graft, 
however, and also close to the cut margins, a few fibres, or portions of 
fibres, still survived where their vitality had presumably been main- 
tained by their close relationship to capillary vessels in the surround- 
ing tissues«. In many of these marginal muscle fibres basophilic gra- 
nules and small granules of fat could be shown to exist. 

When it is a question of deckling to what extent these superficial 
muscle fibres — which he says survive — are significant for the re- 
generation, Le Gros Clark unites that it is »difficult to determine how 
much of the regenerated tissue in the graft has arisen from surviving 
surface and marginal fibres of the graft itself, and boiv much by the 
ingrowth through the fibroblastic tissue of sarcoplasmic sprouts from 
the cut ends of the fibres in the muscle surrounding the grafl«.' — 
Even if — as was to he expected as a result of the method used in the 
investigations — we arc not able to decide wilh certainty from where 
the regenerated tissue emanates, the results arc, nevertheless, of 
interest here, as they show that a muscle grafted cveji under the 
most favourable nutritional conditions — as in a well vascularized 
muscle medium — becomes- necrotic. Only the most superficial can 
possibly maintain their vitality. We should, however, view’ these last 
observations rather sceptically. It is naturally difficult to judge wilh 
certainty whether these living muscle fibres are — as Le Gros Clark 
maintains — part of the graft, or whether he has not perhaps con- 
fused them with the ingrowing material from the surrounding tissues. 
Even Le Gros Clark himself found signs of degeneration in many of 
the marginal muscle fibres in the graft. 


Results in implantation and extract experiments. 

A comparison between the results after implantation of different 
^veletal layers both hard and soft — shows clear resemblances 
the first change during the earliest stages is a reduction in vitality 
within the graft. This can already be observed after two days, and 
increases gradually so that after 6—7 days we can sec that the soft 
tissues have been transformed into a structureless mass, in which the 
pycnotic remains of the nuclei lie scattered irrcgulary. Simultancouslv 
with this diminished vitality in the graft, there occurs around it a 
ively new growth of a young tissue, rich in vessels. This granulation 
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tissue, as it is generally called, consists of different components It is 
constituted partly of histiocytic elements of different kinds andwith 
phagocytic activity. These are generally situated nearest the graft. By 
far the greatest part, however, consists of young so-called embryonic 
connective or mesenchymal tissue. We see grouped concentrically 
around the small newly formed capillaries, large nuclei lying in a 
medium rich in protoplasm merging without a sharp dividing line into 
the surrounding areas. We evidently have here a young newly formed 
tissue, rich in vessels, and with pluripotent faculties of development. 
Only after a certain period — varying between 4 — 6 days — do we 
observe in our experiments the appearance of specific tissue of the 
same kind as the graft. The great difference in vitality between the 
graft, on the one hand, and the lively reactive tissue, on the other, 
is thus obvious. This contrast is sufficiently explained by the wholly 
different physiological conditions which exist in the graft and its 
surrounding areas. First and foremost the nutritive conditions are 
quite the opposite. In a foreign medium, the graft cannot expect, at 
least not at the beginning, any nutritive support from its new sur- 
roundings. On the contrary, we must reckon with a certain resistance 
to undisturbed growth as a result of all the cell reactions and exuda- 
tions which are swiftly mobilised in the new medium, and which by 
phagocytosis and dissolution try to remove all physiologically foreign 
elements. Consequently, during the first period the graft is left for its 
continued existence xvholly to its owm intrinsic powers of growth. We 
may now ask how great these are likely to be. Immediately a tissue is 
cut off from its nutritive supply, disintegrating ferments begin to 
operate. This autolysis sets in at the moment the circulation is in- 
terupted and can very soon result in severe damage. This fact is well 
known, not least by surgeons. The application for too long a period 
of, for instance, an Esmarch rubber tourniquet in the control of ar- 
terial hemorrhage can lead, as is well known, to fatal sequelae. After 
only txvo hours — or even a shorter period — muscle necroses, causing 
the serious deformity knowm as Volkman’s contracture, set in. ^ 
spite of the fact that in such cases we are able by removing the o 
Stacie to lead the blood stream back along its physiological paths, the 
autolytic ferments have evidently only in the lapse of a few' ours 
managed to accomplish irreparable damage. This clearly shows u 
a tissue which is wholly separated from its nutritive supp y nrus 
have a very' reduced pow'er of grow'th, if it has any at all. Consequen y 
an implanted lump of tissue has to struggle against two kinds o res 
stance to continued grow'th, namely both the histiocytic an exu a 
process, and its oxvn intrinsic disintegrating processes, n ° , 
hand, it is difficult to imagine any factors directly stimulating 
continued grow'th, i. e. an improvement in the normal biop 

energy of the tissue. , p 

When making a decision as to the probability of transplante 
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material continuing to grow in the new medium it ^ 

portant to stop and consider the real significance of the 
reactions which take place during an implantation of tissue It seems 
to me that the old belief that a cell can continue to grow after tians- 
plantation ~ even under very unfavourable conditions — has been 
adopted too uncritically. From a general biological point of view, there 
is no basis for assuming that an interruption of the entire nutritive 
supply would cause such a rise in bioplastic energy that the cells 

would start proliferating by division. 

A more detailed study of the graft preparations gives us every 
reason to doubt the correctness of the earlier interpretations of the 
fate of transplanted tissue. We can, of course, assume that if a tissue 
is to be able to continue to grow in the new medium, it must retain 
its vitality all the time from the moment of transplantation. Conse- 
quently, if- it were conceivable for the tissue to start growing as a 
result of its own energy, surely it would be most likely to do so 
immediately after transplantation. But we have observed, on the con- 
trary, that a graft already shows degenerative changes after two days, 
changes with rapidly increase. No regeneration can be observed during 
these early stages. It is only at a later stage that the first signs of 
regeneration are seen. If, for instance, a new growth of bone could 
arise as a result of transplanted bone cells continuing to grow in the 
new medium, then a bone cell can remain alive for 5 to 6 days under 
relatively unfavourable conditions. After this period it must suddenly 
develop considerable additional growth energy so as to produce the 
lively growth shown, for example, in Figs. 1 — 2, Tliis is, however, 
highly unlikely, especially as we can actually see in the early stages 
how' the transplanted tissue undergoes an involution. When the osteo- 
genesis gets properly underway, w'c can observe, how a likely new 
growth of bone can take place in an extremely short period. This is 
clear from series of implantation experiments with varying periods of 
observation. In experiments with an observation period of 3 — i days 
we cannot see anj' signs of osteogenesis, the only bone tissue present 
is the transplanted tissue which has degenerated. Only the fifth or 
sixth day do whole fields of rapidly groiving j’oung osteoid tissue 
emerge. This certainty shows that a new growth of bone can clearly 
take place in a very short time. But should this rapid bone formation 
emanate from the transplanted material, we might reasonably expect 

the regeneration to have started at a considerably earlier stage as 

early as the first or second day when the vitality of the graft is at 
hs height. The longer the osteogenesis is delayed after the moment of 
implantation, the greater is the risk of the autolytic ferments be- 
coming predominant. It is of a certain importance to prove the pre- 
sence of this so-called latent period — from the moment of implan- 
tation up to the stage when the bone formation' begins — which re- 
curred regularly m every implantation. 


9 * 
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A priori we cannot, of course, eliminate the possibility that the 
transplanted tissue can come into contact with the surrounding ves- 
sels,^ and thus, at a later stage, regain the vitality which clearly di- 
minishes during the first few days after implantation. Such a reaction, 
however, could only explain how a tissue regains or conserves its vi- 
tality, Contact with the blood vessels of the new medium does not, on 
the other hand, explain the tissue growth as such. In other words, a 
vascularization from the surrounding areas only means that we have 
again, fully vital, the tissue we implanted. Consequently, it is not 
a question of the regeneration of new tissue, but only of the conserva- 
tion of the wtality of the old. The revascularization is only a condilion 
for the grow'th of a tissue, not a mechanism explaining the growth it- 
self. A more detailed study of the histogenesis in bone formation ought, 
however, to give an answer to the question as to whether a revascuiari- 
zation — possibly combined with a revitalization of a somewhat de- 
generate tissue — or a regeneration, i. e. the formation of totally new 
tissue, really takes place. 

If we follow the histogenesis of the young bone, it is obvious tha 
they have a direct connection with the mesenchymal tissue newl; 
formed on the site of implantation. As has recently been most care 
fully described by Eiiggquisi, we can follow all the different stage: 
typical of embryonic development of cartilage and bone from the em 
bryonic mesenchymal blastema. We see how the nuclei collect togethe: 
in more and more dense layers in the mesenchymal blastema. Arouw 
the nuclei we observe a brighter zone — endoplasmatic, according t( 
Hdggquist — ■ while at the same time the nuclei themselves changf 
their originally often triangular shape and become more rounded, h 
the substance outside this endoplasmatic zone — called by Hdggquist 
the exoplasm — typical stabilizing ingredients are precipitated. All 
these different phases of development of bone tissue from a mesen- 
chymal prestadium could be followed without difficulty in all oui 
preparations in which it was possible to catch the osteogenesis at an 
early stage. 

This typical histogenesis of bone is observed independently of u 
kind of graft used. The mesenchymal growth zone, hard bone and hone 
marrow, all stimulate a homogenous blastema into forming bone m 
the same way. It is also hard to believe that in a transplantation o , or 
instance, hard bone, the bone cells embedded in lime could possi 3 J 
divide and proliferate into the surrounding areas. There are also no 
signs that the content of the haversian canals in the hard bone a 
part in the bone formation. If any bone-forming cells were 
in the bone canals, one would reasonably expect to find young ) 
growing out in a broom-like fashion from their orifices at t e sur 
of the bone. Such, however, is by no means the case, „ 

connective tissue of the canals also becomes necrotic an e 
becomes somewhat wider. It is also difficult to imagine a 
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planted bone morrow cells could give rise to a mcscnchyma bmre 
formation, since l)one marrow docs not normally contain any typical 
tissue of this kind. Morphological analysis of different layers of the 
graft preparation thus show.s unmistakably that the bone formation 
occurring after a transplantation cannot be clue to a survival of the 
transplanted bone cells and their further growth in the new medium 
We have in these experiments clear eases of genuine rerjenemhon ot 
bone tissue from a non-specific nicscncliymal blastema, and not 
merely rcvasciilarizalion of the transplanted tissue. 

This interpretation of the graft experiments is also confirmeti by 
the extract experiments. These show that a factor able to activate the 
pluripotcnt mesenchymal tissue into forming cartilage and bone can 
be extracted from bone tissue and bone marrow. On the site of the 
extract-injections we can follow all the typical stages of the foimalion 
of cartilage out of a non-specific blastema. This bislogcncsis thus 
shows that what is taking place is a differentiation of newly formed 
tissue, and not a growth of cell material accidently contained in the 
injected fluid. Such an assumption is also contradicted by the method 
employed, using concentrated alcoholic solutions for the extraction. 
Even the fact that wo can fractionate the extracts in vacuum down 
to dryness argues against the assumption that the regeneration mighi 
he due to living cells accompanying the injection. The question as lo 
whether the cartilage and hone formation is a .specific reaction due to 
the extract can only he answered slalislically, since positive results 
were obtained in 2 — 4 % of the control cxpcrimcnls. Tlic fact that 
we can get hone formation after injection a non-specific stimulus does 
not necessarily argue against the theory of a specific hone-forming 
substance. The exceptional eases of bone formation in the control ex- 
periments ought merely to be compared with the rare hclcrolopic or 
idiopalic bone formation which can be found in any j)arl of the body 
where, for some reason, a granulation tissue is formed. The marked 
tendency towards bone formation in different parts of the urinary 
tract often occurring after various experimental interventions is well 
known. I have emphasized elsewhere llial tliis hone formation arises 
fiom the excretion with the urine of a specific ostcogcnctic substance. 
We may then assume that the sub.slance in question also exist.s in the 
blood stream. Suitable mesenchymal media anywhere in llic body can, 
for this reason, become under favourable concliitons the starting point 
for hone transformation without the hone tissue necessarily emanating 
from some preexisting specific osteoblasts. A/incrsicn, who worked up 
ns material statistically stales that it may he taken as proved that the 
positive results obained wih hone extract must depend on a factor 
present m these extracts, but absent in the control experiments. Tlie 
other 3-esuits also show a statistically established difference between 
the extract and the control experiments. Consequently, the extract 
experiments .show the existence in bone tissue and marrow of a sub- 
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stance extraclabic by alcohol and able to activate pluripotcnl ,„cse„. 
chymal tissue into forming cartilage and bone. 

We have already emphasized how difficult it is to draw any genetic 
conclusions from morphologic observations. AH the investigations on 
the regeneration of musculature based, for example, on incision ex- 
periments are, therefore, of scarcely any value, as the different reaction 
phenomena lie so close to one another, that it is not possible to di- 
stinguish them clearly, even with the greatest magnification. Condi- 
tions are quite different, hoivever, in the injection experiments. Here 
the preformed and the new musculature are often rather widely sepa- 
rated. In addition we can see the old musculature degenerating through 
the action of alcohol. All these phenomena indicate unquestionably 
that no morphological connection exists between the old and the newly 
formed musculature. But one naturally desires further proof of the 
truth of these suppositions. A detailed study of the muscle implant- 
ations ought, therefore, to provide a valuable supplement to the in- 
jection experiments. 

Le Gras Clark's experiments with implantations »m situ« are of 
interest since they show that even under the most favourable con- 
ditions, such as those prevailing in a well vascularized muscle medium, 


by far the greatest part of the graft dies. This is clearly shown both 
by injection of bromo-phenol-blue and by microscopic examination of 
the graft preparations. It is, according to Le Gros Clark, only the most 
superficial muscle fibres on the surface of the graft, which, thanks to 
contact with the capillaries of the surrounding tissue, manage to pre- 
serve their vitality. He states that these most superficial muscle fibres 
contain, however, both fat and basophile granules indicating a certain 
degree of degeneration. Because of the method used for these implan- 
tation experiments »in situ«, it is of course, as we have already men- 
tioned, difficult to decide with certainty whether the regenerated tissue 
emanates from the graft or from the surrounding areas. From the 
wounded surface of the incision in the musculature, a regeneration, o 
course, soon appears. If the tissue really can, as Le Gros Clark asserts, 
preserve its vitality by contact with the ingrowing capillaries, t is 
nevertheless only means that the transplanted tissue reappears in the 
same degree of maturity as it had at the moment of transplantation. 
On the other hand, there is no reason to assume that a tissue, a er 
acheiving new contact with vessels, should aquire an additional amoun 
of bioplastic groxvth energy. So that even if Le Gros Clarks 
tions are correct, he has only shown that a tissue may possi y ^ a 
to live in a new medium and still preserve the same degree o ma un 
it had before the implantation. The question of regeneration i se 


however, left unanswered. 

Grefberg’s experiments with trypan-blue make an 
parison with those of Le Gros Clark. Here the jj 

are quite different. We knoxv that the superficial layer ot me g 
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stained by the trypan-blue at the very moment of transplantation. Thu 
means, in all probability, that the superficial muscle fibres are a ready 
dead. If we then observe day by day the implantation prepared with 
trypan-blue, it is clear that a growth does not emanate from the super- 
ficial layer. Neither does any proliferation occur in the deeper muscle 
layers. In the contrary, we see that a powerful zone of histiocytic gra- 
nulation tissue forms rather soon on the very hordcr-lmc hetween the 
graft and its surrounding medium. During the 3 days immediately fol- 
lowing implantation we have roughly the same picture. There forms, 
little by little, around the implantatc a peripheric layer consisting al- 
most entirely of mesenchymal tissue, rich in vessels, and further in, 
a histiocytic reaction tissue affecting the superficial layer of the graft 
and phagocytizing on it. We observe how the superficial muscle fibres 
become notched and irregularly hollowed out. All changes in this 
superficial layer arc regressive. We search in vain for any proliferation 
activity in the form of plasmodium shaped muscle fibres. Only on the 
fourth day do new muscle fibres begin to appear. They then arise out- 
side in the vascular-mesenchymal tissue, and liavc no contact with 
the old implanted niiisciilaturc. In the stages when these j’oiing muscle 
rudiments begin to appear the phagocytosis has increased further and 
the central muscle graft has changed into a disintegrating moss totally 
without nuclei. It is evident that the primitive muscle rudiments have 
a totally different shape from the fully-developed muscle. These first 
rudiments outside in the mesenchyme arc more or lc.ss round or oval 
formations with large central nuclei with a richly ramified chromatinic 
network. Reminding us, therefore, exactly of muscle rudiments in the 
embryonic stage. It is evident that we have in these implantation ex- 
periments, muscle regeneration in which the young muscle fibres pass 
through all the various phases to be seen during embrj’onic develop- 
ment, i. e. that we have here cases of genuine regeneration of mus- 
culature from a primary non-specific rudiment, and not a re-vasculari- 
zation of an already fully-developed musculature. If it were only a 
question of revascularization of the superficial fibres of the graft we 
should, of course, get an entirely different picture than those given, 
for instance, in Figs. 5 — 7. Tlie growth zone itself ought then to have 
been situated in the superficial laj'cr of the graft and not outside in 
the peripheric mesenchymal tissue. The newly formed muscle fibres 
ought also to have been different in appearance. If it is only a question 
of revascularization, we ought to find musculature in the same stage 
of development as the transplanted one, i. c. fully-differentiated tissue. 
But as we have seen that the newly formed musculature is typically 
embryonic in appearance, then the fully developed musculature must 
— if we adhere to the revascularization theory — have the power to 
revert into a lower stage of development. In other words, the surviving 
muscle fibres would lose their striation, the nuclei would grow in size 
and move towards the centre, and the spindle-shaped long muscle 
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fibres would be reduced to a more or less oval shape. All this inw, 
lution ought to take place in the superficial layer itself or in its im- 

sensitivity of musculature to an 
mteruption of its blood supply, we may assume that this involution 
would occur within a short time after implantation. With every hour 
that passes after implantation, the chances of revascularization takine 
place are reduced on account of the activity of autolytic ferments and 
the phagocytes of the surrounding areas. 


Comment. 

It is clear from the above experiments that a connection must e.xist 
between the graft and the regenerated tissue, hut that this connection 
cannot be explained by a direct spreading of the cells of the graft into 
the surrounding areas. The extract experiments with bone tissue and 
marroxv show that there is every reason for thinking that the con- 
nection is regulated by certain chemical substances which can be ex- 
tracted by alcohol. In order to understand these reactions better, it 
may be advantageous to make certain comparisons with embryonic 
development. 

It is well known that the two theories attempting to explain embrogonic 
development — prefomation and epigenesis — have always boon opposed to 
each other. Whereas the former considers ovum to represent a gi-eatly di- 
minished copy of the fully developed organism, and the development me- 
chanism itself thus to represent merely a growth of various small parts, the 
epigenetic theory allows of the possibility that various parts may in the 
course of development be altogether newly foimed and further developed. 
An important contribution towards the solution of this ancient question has 
recently been made by Spemann and his school. Spemann has shown by bis 
experiments that we must expect (he pi’esence of epigenetic development. 
Spemann also ascribes a certain role to preformation but it is mainly the 
epigenetic mechanism of development that is of interest here, gpemarin’s con- 
tribution to causal embrymgenesis is in trying to combine tlie two mechanisms 
of development, and show that both are active, though during different stages 
of development. 

By his ingenious microsurgical isolation and transplantation experiments 
on Triton-embryoes, Spemann has been able to show how certain (issues aic 
able to alter in character and are differentiated in a direction other than le 
original one. Thus, for example, a piece of presumptive abdominal 
if it is implanted in the vicinity of the presumptive ocular region, also a 
to develop as inceptions for the eye. On the other hand, it was found i 
certain areas were determinative for the development and had the capa i 
to influence other material which came within their spheres of ^^hnencc. 
view of these different possibilities of development for different 
stems, Spemann set down some fundamental definitions. By poe 7 ^ 
meant the capacity of the cell to develop in one or more directions. i le 
lopment of a cell in a certain direction is called differentiation. Aa o\ 
ment proceeds, the capacity of the cell to develop in diffei’ent ’ 
diminished — it is determined and only able to develop in one dircc ^ ' 

The fact that a tissue can be influenced from without by certain 
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ns to be iWicYenUatecl in acconlancc with Ihcso oxo^naio impulses in a 
definite divoclion, is called indnetion. Tlic induction itself is divided 
systems- the action system, which is the active ape.it and determines the . - 
ductioir and the reaction system, which is the receptive part and permits it- 
Sf tSe induced. Spenmnn found in hisoxperiments that certain areas were 
determinative for the dcveloinnent. so called centres of orpanisation. .Ml tissue 
implanted in these sites changes its character ami is differentiated in ac- 
cordance with the comlilions in the new medium. If, on the other hand, such 
an organizer is transplanted, it is aide to exercise its dominant infinence c\en 
in tho now mecliuin, cnncl to affoct tlio material in accoi’danco with its .specifit 
nature. There is a current view that induction ceases with the conclnsion of 
emhryonic development. 

It is, of course, the induction mechanism il.^clf tliat is of greatest interest 
hei-c. A vast amount of lahoui- has been devoted to the searcli for the ways 
in which induction takes place. Speiiunui discusses various possiliilitios, and 
mentions both chemical and physical factors. Since tissues which linve died 
in various ways — drying, froe-/.inp or overheating — can still induce, he 


considers tliat it must he a (picstion of chemical snhstnnces and not of any 
forceful influence. Attempts fiave also heen made to ascertain the iiiilure of 
these substances. But those investigations have led to very different results. 
While some investigators consider them to belong to the steroid gronji, others 
are op the opinion that they nnist lie nudeo-proteids. If lia.s lircn shown, 
furthermore, that inducing effects arc olitained from purely chemical siih- 
stances, such as various pure acids, syiilhelic fatty acids, niiisclc-adenylic 
acid, etc. It is also known that a specific diffcri'iitiatioii is not necessarily 
confined to a specific cause. All these observations c.nuse us to lie.sitate when 
trying to explain (he mechanism of an indnetion. 


If we compare the quc.slions arising in omhryogene.si.s and post- 
foetal osteogenesis, we find some sinking similarities. We may speak 
^in both cases of a doctrine of preforination, according to wliicli in one 
\’asc the original ovum contains on a greatly reduced scale all the or- 


gans and tissues arising at a later stage, white in the other the pre- 
existing osteoblasts of the periosteal theory represent all the requisite 
ingredients for hone generation. We have seen llial (lie (henry of pre- 
formation is unable to explain all (ho reactions during cmliryogcnesis. 
In order to understand certain phcnoniona arising during foetal dc- 
xelopmcnt, we must assume Dial an initially un.specific material i.s 
influenced by certain exogenic imindscs ~ Spemann’s induction. vSiini- 
larly, morphological tissue analysis in the impianlalion of skeletal and 
muscle layers in a medium of soft jiarls indicates that the newly 
formed osseoiis or muscle tissue develops from an initially unspecific 
dastema, which must, therefore, he influenced in some wav liv a 
specific factor in order to be able to develop in a certain direction'. 
The similarity behveen c.\]icrimen(al results during emhryonic life 
and for example, implantation experiments in the finished organism 
IS obvious. The posl-foelal graft corresponds to the emhryonic orga-’ 
Inzer or activator, and the mcscncliyrnal tissue newly formed on the 

graft m a specially differentiated direction — liv the cmlirvoni'c sv 
Sic... „t reaclion. U l.na fc-ihcc bee, show., in Z’"- 
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influence a tissue into a definite differen- 
tiation. Even the first attempts to investigate the subsances which 
possess this inductive capacity pointed in the same direction — .Pre- 
liminary evidence that the primary organizer is steroid« {Needham) 
»pass dem hier uatersachten knochenbildenden Stoff moglicherweise 
Lipoid- eventual Steroidnatur znkomst, entspricht den von Needham 
hei der Induhticm erhohenen Befunden^ (Annerslen) . 

The idea of induction naturally tends to make us adopt fresh ideas 
on. tissue specificity. The specific characteristics of the cell are con- 
sidered to be indissolublj"^ united with the cell itself, so that, if this 


dies, nothing remains of its function. Now^ induction shows that a tis- 
sue can be stimulated by certain exogenetic factors, so that it changes 
its character in the course of development and is differentiated in 
accordance with these exogenetic stimuli. This means that a tissue 
need not have from the beginning the characteristics typical of a later 
stage of development. At least part of the specific component accrues 
in the course of development. We can, therefore, speak of a sjaithesis 
het-ween a more or less unspecific inception and a more or less specific 
component which need not necessarily be confined to a pre-formed 
-cell material. As soon as we assume that different cel) sj'stems can in- 
fluence each other in a specifically differentiated direction, we must 
also assume that certain factors can be transmitted from one cell to 
another. In other words, we are able to draw’ the conclusion that the 
specific grow’th factor is, at least partially, able to exist extraceUularlg, 
and thus need not exist merely as living tissue. 

If we apply this interpretation of the idea of induction to regenera- 
tion of tissue, we are able to explain the implantation and extraction 
experiments on the fully-developed organism. In an implantation of 
tissue the graft dies, but the specific factor can be released from the 
cell and retain its properties even outside the original tissue. The same 
is true of an alcoholic extraction of a tissue. A strong alcoholic solu- 
tion fixes the protoplasm w’ith the result that the tissue dies an 
further growth in the form of cellular proliferation is not easiy 
imagined. On the other hand, the specific factor can be extracted from 


the tissue, and exercise its function outside the latter. 

The fact that bone tissue influences its surroundings in such a way 
that the latter can develop into the same tissue, must be fundamenta y 
parallel to embryonic induction. I therefore considered it ® ^ 

employ the term induction for the basically identical post ^ ^ 
actions also. Bone regeneration take place in accordance w’l 
induction mechanism. The specific hioplastic energy a 

bone tissue is transmitted to the surrounding areas in the orra 
substance, and not as a direct cellular spreading. 

The idea of the induction mechanism confliets, of course, wa 
prevailing theories regarding the genesis of growth ^^vneri- 

developed organism. The tissue growth in the implantation .P 



menls according io cnrrenl opinions, is thought to result from a partial 
survival of the most superficial cell layers and their continued groNvlh 
in the new medium. This view is thus based on two assumptions, a) 
that a tissue can come in contact with new blood-vessels in the new 
medium, and b) that further growth lakes place liy cell division of 
the thus rcvascularizcd tissue. According to this mechanism we aie 
dealing all the time- with fully developed tissue, so that we cannot, 
in the strict sense of the word, speak of a rcgcncralioh. What hap- 
pens is a continued growth of the transplanted fully-diffcrcnlialcd 
tissue elements. It is, however, hardly conccivahlc that the fully- 


developed tissue should pass Ihrough an involution towards an em- 
bryonic prestadium. As has already been stressed, this would mean 
that muscle tissue, for example, would lose its slrialion and that the 


long spindle-shaped fibres would contract into a more oval .shape. 
Further, the hard bone tissue would be sulijccl to dccalcificnlion and 
develop in the direction of young emliryonic mcscncliymal tissue. Such 
a dc-differcnlion seems, however, very unlikely. 

The induction mechanism for tissue regeneration is based, on llie 
other hand, on entirely different conceptions than the revascularization 
and cell-division mechanism. Since a tissue can, as regards specificity, 
be divided into two components, we may adopt a new altitude towards 
the question of regeneration. Genetically speaking, the tissue is not an 
indivisible unit. We must lake into account the existence of a more 
or less specific factor regulating or determining the special nature 
and function of the tissue. When investigating the causal factors of 
regeneration we arc thus faced with two problems, fir.slly to c.vplain 
the origin of the actual living mass of tissue from whicli the new 
tissue emanates, and secondly to elucidate the nature of the factor 
which influences this mass into developing in a specific dircclion. The 


induction theory can only c.xplain the fact that an originally more or 
less non-specific tissue develops in a certain dircclion. 

For complete understanding of all the rcaclions connected with 


tissue regeneration we must obviously be able to explain liolh the 
origin of the primary blastema and the specific differentiation. At 
a tissue lesion we see how a granulation tissue, rich in vessels, rapidly 
forms. Several layers of large nuclei group round the small lumina 
of the capillaries, and between these young vessels a syncytium exists, 
rich both in protoplasm and nuclei of the same appearance as the 
endothelium of the capillaries. This tissue is well known under various 
names. One of these is vascular mesenchyme, which seems highly 
suitable as it emphasizes llie close coiincclion between floating and 
organized tissue. It is obvious that lliis tissue is the origin of the 
blastema out of which the specific differentiation later lakes place. 
In other words, it contains omnipotent or pluripotenl faculties of 
development The direction in which the development take place is not 
however, determined by the tissue itself, but by exogenic factors. If 
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this pluripotent tissue does not in its early stages receive some ev 
ogenic stimulation towards differentiation, it forms common non 
specific connective tissue. We do not know anything at present re- 
garding the origin of the young pluripolent tissue. We can only state 
that this mesenchyme irith large nuclei embedded in a succulent proto- 
plasmatic mass appears at every tissue lesion. We cannot, of course, 
explain its origin merely by cell division, as this presupposes the ex- 
istence of a tissue those cells can grow by division. Here it is a 
question of explaining the origin of a mass of tissue in sites where, 
no similar tissue previously existed. 


Summary & Conclusions. 

When investigating the causal aspect of a healing process, the 
first and most important question it to decide whether the regenera- 
tion emanates solely from the old tissue or whether some other 
material may also play a rdle. The most suitable method for settling 
this question is implantation. It is of the utmost importance here to 
study the implantation preparations very carefully during the first 
few' stages immediately after transplantation. 

Implantation of the various skeletal layers — the mesenchymal 
growth zone, liard bone and bone marrow' — showed that the graft 
dies shortly after transplantation, i. e. within 2 — 3 days. 'New bone is 
not formed until 4 — 6 days after implantation. This osteogenesis arises 
through a differentiation of the mesenchymal tissue which forms on 
the site of implantation. 

Since it is clearly not a question of direct cellular proliferation 
from the graft into the surrounding medium, the author explains the 
osteogenesis by assuming the existance of a substance which is li- 
berated from the bone tissue and bone marrow, and which passes over 
into the surrounding medium where it activates the newly forme 
pluripotent mesenchymal tissue into forming bone. That such a 
substance actually exists has been proved by experiments with alcolio ic 
extracts — totally free from cells — of bone tissue and bone marrou 
{Levander, Annersten, Bertelsen, Lacroix, WiUstaedt] . 

The author considers that striated musculature also^ regenera es 
from a mesenchymal blastema. After injection of alcohol into muscu 
ature, a rich groxvth of me.'^enchymal tissue occurs around the muscu^ 
ature which is damaged by alcohol. In this mesenchymal medium gro 
young muscle rudiments which have no apparent connec ion ^ 
the original musculature. After implanting muscle, one can 
that the implantate dies and that the new musculature is ditlerent . 
out in the surrounding mesenchymal tissue. _ 

The author compares these reactions, where an ongma y 
specific mesenchymal tissue differentiates in a specific direc ion, 
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embryonic induction. Induction would mean in the regeneration of 
tissue that a factor, which is necessary for the specific differentiation, 
can be liberated from a tissue and pass over into tiic surrouiiding 
medium where it induces a pluripolcnt mesenchymal tissue in a 
specific direction. There is every reason for thinking that this factor, 
will ultimately be identified as a definite chemical substance. 

The theory of direct cellular proliferation docs not, for e.\ami)lc in 
implantation experiments, give us a regeneration mechanism in the 
true sense of the word. It only states that certain cells can maintain 
their vitality after transplanlaion and continue to live in the new 
medium. According to the induction theory, on the other hand, the 
process is really one of regeneration, i. c. an entirely new material is 
formed in the fully-developed organism independently of the actual 
mass of old tissue. This means tlial even in the fully-developed or- 
ganism, differentiation of an originally non-specific medium takes 
place just as in embryonic development. In other words, regeneration 
is a repetition of the reactions which take place during the foetal 
stage. Induction explains only the sj)ccific differentiation. We still 
do not know how the actual mass of tissue arises during regeneration. 
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PERIARTERITIS NODOSA 

A CASE, PRESUMABLY CAUSED BY SULFONAMIDES*) 

By Harald Olesen c& Andrej MyschetDiy. 

(Received for publication September 7tb, 1948.) 

Periarteritis nodosa (Aussmauf & Maier 1866) has been recognized 
in the Scandinavian countries by Harbiiz in 1917, but it is only in 
more recent years that a greater number of cases has been reported. 

Since 1930 nearly 30 cases have thus been reported from Sweden 
(Herlifz 1930, Gjertz, Nordloo & Svenmar 1939, Bergstrand & Thel! 
1939, Westergren 1940, Skold 1942, Henschen 1942, Svanberg 1944, 
Oldfelt 1946), from Finland a couple of cases [Lindberg 1931, 1932), 
and from Iceland one case (Dungall 1936). 

From this country there are two clinical cases [Banke 1941, 
Heinild 1942). Moreover, some cases have been reported in which 
vascular lesions of a similar type have been observ^ed. Thus Eskdund 
(1942) has described a case of pulmonary sclerosis which has been 
interpreted as periarteritis nodosa. Heenip has found periartentr*' 
nodosa~Iike changes in a case of leukemoid eosinophilia {Engbiek, Hei 
rup & Thomsen 1942), and Teilum (1946) has in lupus erythematosii 
disseminatus found changes of the periarteritis nodosa type. 

The etiology and pathogenesis of the condition was for a long tiw 
obscure. The earliest mechanical theories, just like the assumpho 
that it was a special form of syphilis [Verse 1907) had soon to 
abandoned. Also the presumption that the affection was caused jy 
specific virus with a special affinity for the vessels, proved not to 
tenable, even though some few authors thought that they were a ~ 
to transfer the disease to animals ( v. Hann 1920, Harris & Frie tic 
1923). 

*) Read in a somewhat different form before the Funen Metlica! Assocu 
tion, 26th January, 1947. 
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In 1925 Gruber advanced the view that in all probability peri- 
arteritis nodosa would have to be looked upon as an allergic leaction 
on the part of the arterial system during the course of various infcc- 
tious-toxic conditions. 

This hypothesis has since been accepted by practically all pat 
legists. In support hereof the considerable resemblance has been s res- 
sed which exists between the changes in periarteritis nodosa and those 
encountered in experimental allergy, e. g., in Arthus phenomenon 
(Gerlach 1923) or in generalized allergic reactions {KUnge & I aubel 
1931, Vaubel 1932, Apitz 1933). Rich & Gregory (1943) have experi- 
mentally produced vascular processes which are identical with peii- 


arteritis nodosa. 

Not infrequently periarteritis nodosa occurs during the course of, 
or associated ndth, allergic conditions, e. g. astnia (Bergstrand & 
Tisell 1939, Rackeman & Greene 1939) or rheumatic fever (Herlitz 
1930, Friedberg & Gross 1934), and the latter affection is indicated to 
occur in the history of at least 10 per cent, of the cases. 

Periarteritis nodosa, therefore, is now included among the allergic 
vascular diseases, according to Rosslc (1933) in the group of »rheu- 
matoid« diseases, as this author reserves the designation »rheumatic« 
for those vascular conditions which present granulomatous processes 
in the Avails of the vessels, or in which these processes are combined 
with the rheumatic changes in the free connective tissue described 
by Klinge (oedema, fibrinoid necrosis, formation of granulomas). 

As, however, the criteria set up by KUnge for rheumatic infection 
may also be encountered in other conditions {Teihim 1946, Bergstrand 
1946), and as rheumatic fever will now have to be looked upon as 
an etiologic unity, inter alia because the etiological significance of 
the streptococci must now be considered to have been finally establish- 
ed, Teilum (1946) has proposed that a distinction be made between 
a genuine rheumatic infection (febris rheumatica) and a group of 
»pararheuinatic« conditions, Avhich has the pathogenesis in common 
.with rheumatic fever, but a different etiology, and Avhich includes 
lupus erythematosus disseminatus, an arteriolitis granulomatosa (al- 
lergica) described by Teilum, and periarteritis nodosa. 

HoAvever, it has not so far been possible to furnish the conclusive 
proof of the allergic pathogenesis, the demonstration of an exciting^ 
allergen in man. Hitherto the allergen has generally been presumed 
to be of a bacterial nature. 


The last few years have brought us essentially nearer to the- 
establishment of this proof, as it has been possible to isolate a group 
of cases, which histologically has presented the picture that is char- 
acteristic of periarteritis nodosa, and in which the allergen — of a 
non-bacterial nature — has been known. 

After the introduction of sulfonamides in the therapy the nre- 
sumption quickly arose that certain of the undesired effects observed 



144 


on administraUon of these substances might be of allergic nature 
{Hageman & Blake 1937). By experiment it has been demonstrated 
(Schonholzer 1940, Davis 1942) that sulfonamides may be linked to 
serum proteins, and Wedum (1942) and Gerber & Gross (1944) were 
able to produce allergic reactions in animal experiments by means of 
such compounds. In man it has been difficult, however, to demonstrate 
hyper.sensitivity, both by direct cutaneous reactions and by passive 
reaction ot hypersensitivity, but of late years the attempts seem to 
have been successful, as by employing serum from patients who had 
reacted for a second time to the injection of sulfonamides Schaffer, 
Lentz & McGuire (1943) have succeeded in obtaining a positive 
Praussnitz-Kiistner reaction, and Lefiwich (1944) has obtained po- 
sitive, reactions by means of a somewhat different technique. In these 
studies sulfathiaxole has demonstrated a somewhat greater proneness 
to produce allergic reactions thnn have the other sulfonamide prepara- 
tions, and the different preparations, according to Leftwich, show a 
certain specificity. 

Histologically, the changes of the organs of patients who bav’e died 
following sulfonamide reactions have often presented distinctly allergic 
features (French & Weller 1942, Merkel & Crawford 1942, Simon 1943, 


Black-Schaffer 1945, More, McMillan & Duff 1946, French 1946), The 
lesions have been of varying extent and intensity in the individual 
cases, and have been demonstrated in practically all the organs. It is 
a question, partly of vascular necrotising processes with oedema, 
fibrinoid necrosis of the vessel walls and their surroundings, often 


an eosinophilic cellular exudate, partly of focal, often fibrinoid ne- 
croses and granulomatous processes in the parenchyma of the organs 
and the interstitial connective tissue, and finally, of interstitial inflam- 
matory processes without necrosis, that is, essentially changes which 
bear a close resemblance to those demonstrated in various forms of ex- 


perimental allergy. 

Black-Schaffer emphasizes that even though the changes which 
were present in the cases described by him did not, as regards quantit>, 
compare with those seen in periarteritis nodosa,, the fundamenta 
features were identical to such a degree as to suggest a difference 
in the intensity and duration of the irritant rather than a difference 
in quality. 

In 1942 Rich reported 1 cases of medicamentally provoke pen 
arteritis nodosa. In one of these cases the patient in association vi 
serum therapy had developed a violent attack of serum sickness xx 
terminated fatally in the course of some weeks. Autopsy s 
typical periarteritis nodosa changes. In 5 other cases the pa len 
heen given serum as well as sulfalhiazole, in the last 
sulfathiazole had been administered. Necropsy or biopsy ‘ j 

in all cases showed the characteristic vascular lesions, ic i 
it likely that the processes had been caused cither by the ser 
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Ihc suHailiiazolc. The conclilions on account of which treatment was 
given being acute infections, they could not be reasonably 
to have been of significance for the processes, and there was but slight 
probability of the patients having had the vascular changes previous 


to the treatment. . . 

Later in 1942 Rich reported yet a ease which seems convincing 
as regards the part played by the sulfathiazolc in the development 
of the disease. The patient was operated upon for carcinoma ot the 
scrotum. The diagnosis had been made on a biopsy 5 months previous- 
Ij’, and neither the biopsy, nor the tissue removed at operation pre- 
sented any vascular changes. For 3 daj’s after the operation the patient 
was given sulfatliiazolc as a prophylactic measure. On the 8th post- 
operative day a conjunctivitis developed, accompanied by a rise in 
temperature, for which reason sulfatliiazolc was again given; tlic 
medication was continued till the iiaticnt died from uraimia on the 
18th postoperative day. Autopsy revealed widespread vascular changes, 
closely resembling periarteritis nodosa. 

A very similar attack following sulfalhiazole therapy lias been 
reported hj' Lichtenstein & Fox (1946), and Rosenak & Maschmcijcr 
(1945) have described a ease following trcatinent with sulfadiazine. 

Thus there can be no doubt that sulfonamides may produce allergic 
tissue reactions, which in the severest eases may attain the picture 
which is characteristic of periarteritis nodosa. 

Rich considers it likely that by being linked to scrum protein the 
sulfonamides acquire the characteristics of a haptcnc, and thus act as 
an antigen. He considers that other compounds may have a similar 
effect, and in 1945 has described a case willi periarteritis nodosa-like 
changes, which must be presumed to have been caused by iodine. 
Finally, Gibson & Quinlan (1945) have reported a ease which arose fol- 
lowing thio-urea therapy, and Hill <£- Damiani (1946) a case caused 
by the insecticide DDT. 


Case Report. 

The patient u'as a 25-ycav-oM man. A patornal aunt had asduna but 
•otlienvise tlicre wore no allergic diseases in (he family. The patient’ had 
always been moody, dawdled away time, could not iicidorm any work His 
intellect was unimpaired. The last twelve months before admission he' had 
suffered from asthmalike attacks. During the si.v montlis preceding admission 
sinusitis, for which, in the period from October .list 
1915 till admission, he was punctured 9 time.s, each time with application of 
alpliasol (a sulfatliiazolc dorivate); (ho quantity is not stated. A.s the con- 
dition did not improve, and as in the course of time he became too poorlv for 
heatment in the out-patient department, he was admitted to the ear-dc’part- 
ment of the county hospital in Herning on December 4th, 19i5. A Inlatcvnl 
maxillary resection u^as done on Deccml.er 5th, which showed the mucous 
membrane to bo highly polypous; unfortunately no microscopic evainhiamin 
ws <1,™. As on the Sth post-oporntivo to,, t),e)en,po™i„“Ts S" S" 
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thiazole was given. 3 days later an exanthema developed for whirl) 

MWn discontinued, and the temperature slowly 

quantity of sulfathiazole is not recorded, but a quantity 
of about 20 g has presumably been given. 

As the asthma was aggravating the patient was transferred to the me- 
dical service December 28th. The temperature was again rising, the patient 
complained of pain in the throat and was somewhat dyspnoeic, Stetoscopy of 

bronchitis (sedimentation rate 41 mm, hemoglobin 
90 % (.Sicca) ; differential count: 27 % eosinophile leucocytes) . From Decem- 
ber 31st »chemosept« (sulfathiazole) was given. Upon administration hereof 
the temperature rose still further (see fig. 1) while at the same time, January 
2nd 1946, the patient complained of pain and tenderness of the lumbar re- 
gions, and a slight albuminuria developed (output of urine 800—1000 cc in 
24 hours). Because of the high temperature (40,4®) and the negative findings 
by microscopic examination of the urine, the albuminuria was not given any 
attention. On account of nausea alphasol was substituted for chemosept on 
January 3rd. The same day the temperature began to fall; a maculated exan- 
thema which had developed on the legs in the course of the day faded away 
within the next few days. January 7th hematuria was demonstrated, for 
which reason the administration of alphasol was discontinued after the pa- 
tient had been given altogether 13 g chemosept and 30 g alphasol (= 90 g 
alphasol mixture) . The next two days there was a pronounced hematuria 
and severe oliguria (150 cc a day), but by means of salt water given sub- 
cutaneously, sodium bicarbonate and sodium sulphate intravenously, and 
diathermy over the renal regions the secretion of urine was started again so 
that on the 11th January the output of urine was 1650 cc. Hereafter, how- 
ever, an isostenuria, which had not been present previously, persisted through- 
out the rest of the course. While there was oliguria, the blood urea, as ex- 
pected was increased (max. 123 mg %), in order thereafter to fall, not below 
60 mg %, however; in the end the blood urea rose to 257 mg %. Among the 
other urinary changes may be mentioned that the albuminuria persisted 
during the rest of the course, the amount of albumin fluctuating considerably 
(Esbach: traces — max. 12 %) . The hematuria declined considerably, but did 
not quite disappear. 

Already with the onset of the oliguria the patient began to complain of 
diffuse, undefinable abdominal pains; it was not possible, hoxvever, by exa- 
mination of the abdomen to demonstrate anything abnormal. In the following 
period these pains increased considerably so that the patient at times was 
greatly distressed, and opiates were necessary. During the attacks of pains 
he sought relief by taking up peculiar positions, either a ventral position, or 
hugging his knees with the pillow pressed against the abdomen. The stoo s 
became frequent of varying consistency, most often thin but they were witliou 
visible blood or mucus. Benzidine reactions were, however, positive, a ew 
of them even very vigorously so. 

The patient grew ever more poorly and increasingly stuporous. Them ca 
increasing muscular weakness, approaching complete prostration. ® ‘ 

constantly afflicted with nausea and slight vomiting (blood urea mo . 
increased, alkaline reserve and sei-um-chlorine normal, blood ‘ 

130 systolic, 90 diastolic, serumprotein normal). For some time 
pronounced oedema of the face. Intermittently the patient had s ig i 
of asthma, which were easily controlled by means of aleudrm. in _ 

January the patient began to get joint pains and ,™yla- 

of the joints in the form of swelling, restricted moveabihty ‘ of 

tion in wrist, knee and ankle joint, while at the same time pinngcs 

sensation ^paresthesias, hjqiesthcsias, abolished deep sensation) 
of the reflexes of the upper and lower extremities developed. 
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Pig. I. 

Temperature cu.tc (Evening temperature). 
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The unusual abundance of symptoms associated with the strikinslv vi 
gorous eosinoplnha (up to 59%) mhicli besides in the peripheral bSVas 
demonsti ated to be present to a very pronounced extent in the sternal mar- 
row (eosmophile myelocytes 9 %, eosinophil poljmuclears 44 %) made it pos- 
sible to establish the diagnosis periarteritis nodosa with very great certainty 
Further the peripheral arteries were found to be strikingly rfid someS 
heterogeneous; still it was not possible to demonstrate isolated nodes on them 
with certainty. 

At this time it was evident that the patient had not many more days left 
and 14 days after establishment of the diagnosis the patient died, uremic 
(February 25th, 1946, 12 weeks after admission) . 

Among the other examinations that have been done should be mentioned: 
spinal fluid, clear, 2/3 cells, 20 albumin, 2 globulin. Oplithalmoscopic e.vamfna- 
tion; nothing abnormal. Antistreptolysin titer 220, Mantoux III -f ; Wasser- 
mann and gonococcal complement fixation tests umre negative. Examination 
of the blood January 21sl: hemoglob. 70% r. hlc, 4.1 mill, corpusc. vol. 28%, 
ivh. blc. 17,000 with 59 % eosinophil, reticulocytes 0.7, platelets 250,000; 
plasma color 6. X-ray examination of the lungs; Increased configuration of 
the lungs with finely punctate configuration caudally and medially on both 
sides, subsiding laterally. From the hilar region, which is not enlarged, streaks 
and stripes extend upwards lou'ai’ds both apices. 


Autopsy, 

Already at the autopsy examination it was possible to confirm the dia- 
gnosis with a fair degi'ee of certainty. 

The corpse was extremely emaciated with slight ankle oedemata. There 
were no cutaneous changes. Knee and ankle joints rather large as a conse- 
quence of the severe muscular atrophy; no definite swelling of the joints. 

The tonsils were rather atrophic, without plugs or abscesses. The larynx, 
trachea and main bronchi, the th7jroid gland and the remnants of the 
thymus were without changes. 

The pleurae were smooth and glistening, no exudate in the pleural cavities. 
The litiiffs were voluminous, pale, emphysematous, with moderate hypostasis, 
no pneumonia. In the bronchial ramifications a small amount of mucus. 
Several sections exhibited no changes in the branches of the pulmonary 
artery. 

The heart was not enlarged. The pericardium without changes, the epi 
cardium presented a few, whitish tendinous spots. The coronary arteries wre 
thick and rigid, slightly tortuous with striped and nodular tliickening. 
valves and tlie endocardium were without changes. In various places in ^ 
myocardium, especially in the lower part of the left ventricle, ''.p, 
rather close, small whitish spots which seemed to be localized around 
ened branches of the vessels. No clear changes in the muscle weie n i 
especially, there were so cicatricial changes. 

The great vessels, the aorta, the iliac, subclavian arteries and the ‘ 
were natural, macroscopically. The oesophagus and- the stomach weie a 

changes. o,, ^s- 

There was no ascites and no thickenings of the serosal surface . > 

amination of the ileum dark, necrotic areas to half-penny size u .pvgra! 
however, without perforations. In the mucous membrane mere 
dark ulcerations pin-head to hemp-seed size, and besides, arg i ^msa. 
the mucous membranes corresponding to the changes foun on 
In the mucous membrane of the colon no necroses were seen. 

The pancreas and the adrejials exhibited no changes. 
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The liver was of normal shape and size, the colour reddish-hrown, the 
consistency not clearly altered. The cut surfaces of the right lobe in some 
places, and in the left lobe in several places, presented increase of the portal 
connective tissue, and it was possible to recognize cross sections of thickened 
or obliterated vessels. No changes of the parenchyma were in evidence. Gall- 
bladder and bile ducts M'ere normal. 

The spleen was slightly enlarged, with accentuation of the follicles. No 
infarcts. The abdominal Ijraph-nodes were not enlarged. 

The kidneys were of normal size. The surfaces very mottled, with alter- 
native lighter and darker areas. On sections severe changes were disclosed, 
with thick whitish stripes and streaks along the arciform and interlobular 
arteries. The configuration of the tissue was somewhat obliterated and 
mottled. In the left kidney a fresh, walnut size, infarct-like necrosis was seen 
which did not seem to extend quite to the surface. The pelves, ureters, blad- 
der and prostrate were without changes. 

One of the knee joints .was opened; the synovial membrane was normal. 

The scull was not opened. 

The diagnoses made at autopsy were as follows; — Presumably peri- 
arteritis nodosa, — infarct of the left kidney, — disseminated necroses of the 
ileum, — pulmonary emphysema and chronic bronchitis, — emaciation. 


Microscopic examination. 

Microscopic examination showed widespread and severe necrotising 
vascular lesions in practically all organs examined; thus ionsil.’i, heart, liver, 
kidneys, adrenals, spleen, pancreas, mesenteric vessels and intestinal ivalls, 
seminal vesciclcs, striated muscles and peripheral nerves. The only organs in 
which vascular processes could not be certainly demonstrated were the lungs 
and the s}movial membrane. 

The processes were almost exclusively localized to the arterial system 
comprising arteries ranging from the size of arterioles to about coronary 



Oedema, 


v ia- z. 

.’acuohzation and beginning fibrinoid degeneration of the media 
m a coronary branch. meaia 
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arteries. Only in some few places the veins presented changes. None of the 
larger arteries were affected, whereas occasionally changes were seen in the 
adventitial branches of the arteries, e. g., of the aorta. 

The earliest changes consist in a disorganization of the muscle cells of 
the innermost layer of the media, with oedema, vacuolisation, a suggestion 
of fibrinoid necrosis and initial, very slight perivascular cellular infiltration, 
(fig. 2). 

Far more frequently a massive fibrinoid necrosis is found of the wall in 
the entire circumference of the smallest arteries (fig. 3) ; in the somewhat 
larger arteries often only part of it is involved (fig. 4) . At the same time there 
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intim.al cell proliferation. e^mnwint larccr arteries great 

subinUmal cellular proliferation, occluding the lumen \\hol4 oi 1 

^‘’"S^tifeTaTe^sS tST ?,rr’''nho" 

tissue is transformed into a partly hyalini.sed comiecti\j '"Pj , 

cries and phagocytic ccll-s. Often remnants of fihnnoid mas.sc.s still peisisl. 
The lumen is obliterated, or displaj’s re-canalization (fig. a). 



*• . . ' • i ’ ' ■ 'r 

h- ■’^3 • 'N \ ’ V' ■ 

r** • ' V ' . r • * ’. • * **^*!^ * ’ “^ , 


Fiff. 5. 

Healing lesion in the liver. Remnants of fibrinoid material in the center. 

In the rnyocardhim, in addition to widespread, active vascular processes 
a slight diffuse interstitial cell infiltration is e.xhihited of lympliocytes and 
histiocytes, and some few eosinophil cells. Here and there focal necroses of 
the muscle are seen, with initial proliferation of fibroblasts, but no connective 
tissue scars arc in evidence. 

In the striated vmsdes considerable degenerative changes are seen, with 
atrophy and homogenization of the muscle cells and considerable clustering 
of the nuclei. Moreover there is moderate oedema and slight interstitial cel- 
lular infiltration. Where no vascular changes are present, the picture may 
closely resemble the changes encountered in dermatomyositis. 

In the liver the vascular processes are largely healing. In tlie portal spaces 
the connective tissue is increased, with infiltration of Ivmpho- and histiocvtcs 
Remnants are found of wholly or partly destroyed branches of the hepatic 
arteries, often surrounded by macrophages filled with pigment, and in several 
places there are still remnants of fibrinoid material. The vena portae brandies 
seem in several places to be involved in the processes. The parenchyma itself 
cesTes”^^ «ecroses and no granulomatous pro- 
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Abdominal pain 57 % 

Edema ” 52% 

Loss of weight 48 % 

Symptoms of neuritis 48 % 

Hematuria 47 % 

Hypertension 46 % 

Dyspnea 41% 

Emaciation 36 % 

Cough 36% 

Vomiting 31 % 

Sensory involvement 31 % 


Purpura 00 

Cyanosis 21 % 

Eosinophilia 19^ 

■Vausea ^7^ 

Palpable nodules IG^ 

Pain in the chest 10% 

History of allergy 15% 

Convulsions 15% 

Icterus 12% 

Vertigo 8 % 

Pos. ser. syphilis react 8 % 


As appears from the case history, our patient presented a very 
great number of these symptoms. 

In the considerations of the etiology one cannot, in the present 
case, help getting an impression of a striking connection between the 
sulfonamide medications and the development of the disease. It will 
therefore have to be considered whether sulfonamide therapy may 
have played any part for the development of the disease, or whether 
it is merely a question of an accidental coincidence hehveen the sul- 
fonamide treatment and a pre-existing periarteritis of unknown 
etiology. 

Concerning the possibility of a pre-existing periarteritis, the clinical 
picture may very w'ell lead to the belief that such a lesion wms pre- 
sent. The patient had always been moody and incapacitated for work, 
and during the last twelvemonth he had suffered from asthma-like 
attacks, and, later, sinusitis. It was, therefore, possible that he had had 
the condition for some years or, in any case, the last twelve months 
or so. Cases running such a protracted course and with very slight 
initial symptoms are not unknowm (Harris & al., FUz & ah), even 
though most frequently the condition takes a more rapid course, ter- 
minating fatally within some months. 

The microscopic examination, hoAvever, goes decidedly against such 
a view, as the processes found w'ere very chiefly active, and only m 
the liver the processes Avere mainly healing processes, although, more 
frequently they -were not quite cicatricial yet. With a wide allowance, 
all the changes may without difficulty have arisen w'ithin the 1 
weeks elapsing from admission to the hospital til! the occurrence 0 
death, possibly in an essentially shorter time. If the condition had per 
sisted beyond this period quite cicatricial changes must have been 
found to a far greater extent than wms the case. 

The possibility of a pre-existing periarteritis nodosa must therefore 
be considered extremely unlikely, and the condition must be assume 
to have developed during the stay in hospital. 

The assumption of the sulfonamides as the cause of the , 
must be based on a sensitization to sulfathiazole. The possi n 1 5 
such a sensitization has been afforded by the protracted trea men . 
applying alphasol in the maxillarj' sinuses, since alphasol m me 



The advenaU show violoil processes in tlic vessels in and 
capsules. In the cortex disseminated necroses are found. 
calcification, and in one of the adrenals there is a large necroses nnohmg 
hotli Ilio cortex and the medulla. 

In (lie Uidnciis the vascular lesions are very vvuiespread and seveie, in 
volving the large arteries as well ns the nrcifonu and interlohular artorios. 
In the arterioles it is only rarely possible to follow the changes rigid out to 
the glomeruli. Normal glomeruli practically are not found. Ihey all pre.scnl 
extensive hyaline thickening of the husemcid-rnemhranes with siihtting up of 
the capillary loops, or fusion and hyalinization of the whole of the glomerulus 
or parts of it. In some places remnants are found of fihrinoid necrotic ma- 
terial. Itforoover, there are partial fusions hctvvmi the hyalinized capillary 
loops and the capsule, hut only to a very slight extent proliferation of the 
capsular epithelium witli crescentic formations. The tuhuk's are highly 
atrophic, others arc dilated. Many of them eonlain casts, eompo.scd of eosino- 
phil material with necrotic colls .and leucocytes. Interstitially, there are con- 
siderahle infiltrations of leucocytes among which many eosinophil cells are 


.seen. 

The luvfi (issue cxliihits emphysematous alveoli, with slight oedema with- 
out cellular infiltration. The hronchi are often contracted and eonlain mucti.s. 
There is mucous metamorpliosis of the. hronchial epilheliurn and hyaline 
(liickoning of (he hasemont-momhrane. Moreover, there is .some lymphorylic 
infiltration of (he hronciiial wall. Vascular or granulomatous jiroresses are 
not observed. 


The inicro.scopic cx.atninafion thus has dcmonslratod widc.sprcad 
changes of llic arteries of the type characicrislic of periarteritis nodo.sa. 
The changes arc mainly frc.sli and active, and only to a small e.xfent 
they arc heating, essentially in llic liver. Beside.s, dissemenated in- 
terstitial inflammatory processes liave heen found in. the tnyoeardiinn 
and the kidney, and necroses in the suprarenal glands. 


Disenssiou. 

The case here presented must he considered a lyiiical case of peri- 
arlcrilis nodosa combined with asthma from a clinical as well as a 
pathologic-analomk,aI point of view, and it is likely Ih.-tl Ihe .sinusitis 
wliicli led to hospitalization w.as ;iIso of allergic nature. 

The comhimalion of asthma and periartcrilis nodosa occurs not verv 
infrequently and was found by Rackcinaii cC (jiec.ne in 27 out nf 22P 
cases. It IS emphasized by licrc/sfrand that in casc.s of lliis kind llie 
lungs often present va.scular changes. It has not licen possible to de- 
monstrate such changes in our case. 

Otherwise, llic polymorphism .so iniportaul for diagnosis and so 
ciaraclcnshc of Uic disease, has licen very iirnriouticcd in this case 
Warms, Lynch & O’llatc {1930) on the basis of 101 cases indicate the 
following frequency of the differeni .symptoms: 

'("• 80 % Honda dies 

Arthritis . 

Atrophy .. 


Vo 


Bapid onset sq p/ 

/o 


Visual disturhaiicc 


' /O 
/O 
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-ganism is decomposed and secreted as sulfathiazole {Andersen Fried 
berg, Vermehren & Vermehren). ’ 

There is no statement as to whether while in the outpatient 
department the patient presented signs of hypersensitivity to alphasol, 
hut on admission to the ear department exanthema developed so soon 
aftei administration of sulfathiazole that the reaction can hardl}’’ be 
taken as a primary reaction of sulfathiazole, but rather as a reaction 
■of hypersensitivity on account of a previous sensitization. 

On admission to the medical department sulfathiazole (chemo- 
sept) was again given on account of the elevated temperature, and in 
connection with this the temperature rose to 40.4^ and exanthema 
developed again, besides which the renal symptoms now manifested 
themselves by pains, albuminuria, hasmaturia, oliguria and elevated 
blood'Urea. At the same time as the renal symptoms began the ab- 
dominal attacks also set in. 

Tlie whole of this symptom complex may also be taken as a re- 
sponse to a renewed administration of antigen. Further, the impres- 
sion is conveyed that the high reaction on the part of the temperature 
in connection with the administration of sulfathiazole does not, as it 
were, fit into the whole tendency of the temperature curve, and also 
this rise may be read as an element in the reaction due to hyper- 
sensitivity. The same features are reflected, although to a smaller 
extent, in the rise of temperature following the first administration 
of sulfathiazole. 


It is striking that the temperature drops very promptly, and that 
the exanthema quickly subsides despite the continued administration 
of sulfonamide (which has been changed to — as it is supposed to be 
— sensitizing alphasol). This might give rise to some hesitation in 
accepting the sulfathiazole as the exciting cause, but as the symptoms 
in periarteritis nodosa may be highly transient, this objection is hardly 
of decisive importance. It therefore seems reasonable to assume that 
the patient’s disease has been caused by the sulfathiazole, in the way 
that he has hecome sensitized during treatment in the out-patient de- 
partment, whereupon the vascular processes have been started at the 
first, or perhaps the second sulfathiazole medication in the medical 


department. 

There may perhaps be reason to consider yet a possibility, viz. t a 
the condition has developed within the period indicated, but has been 
provoked either by the allergen underlying the sinusitis t 
asthma, or by some other allergen. The question then presents itse in 
which manner the suUonamides may have caused an aggravation o 
the condition, as the coincidence between the second administration 
sulfonamide and the development of the renal symptoms can nr 
have been accidental, and the aggravation was indeed taken by 
•clinicians as an injury caused by sulfonamides. 

Such an aggravation or complication of the lesion may be iniag 
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to have developed as a result of an occlusion of the renal tubules by 
crystals of sulfafhiazole or by a so-called :»distal tubular ncphrosis« 
with subsequent hematuria and oliguria. However, it sceins ha a - 
fections of this type have not been present, as the course of the lesion 
is suggestive of a glomerular injurj'. Further, there is hardly any basis 
for assuming that, even if present processes of the kind here dealt 
with would exercise any accelerating effect on those vascular processes 
in the kidne 3 "s which were due to a possible basic condition, and in 
any case not on the vascular processes in the other organs, which 
now also began to develop rapidlj'. As a last possibilitj’ of an aggra- 
vation caused bj' the sulfathiazolc there is an injurj' of an allergic na- 
ture, caused bj' sulfonamide, of the Ijqie mentioned in tbe introduction, 
which in turn is dependent upon a sensitization to the substance. 


Tliis last possibility thus lakes us back to the assumption of a 
sulfonamide allergy and it will then be tbe simplest altitude to look 
at the whole picture from this point of view. 


Siimmanj. 

A case is reported of periarteritis nodosa in a 20-3’car-old man who 
suffered from sinusitis and asthma. Throughout six months he was 
treated in the out-patient department with puncture and application 
to the maxillary sinuses of alphasol. As the condition did not im- 
prove operation was performed, and the patient was given sulfathia- 
zole, after which an exanthema developed. On account of a rise in 
the temperature sulfathiazole was again given a fortnight later, after 
which exanthema developed once more and at the same lime signs 
appeared suggesting injury to the kidnej's with hematuria, oliguria and 
rise of the blood urea. In addition hereto, there also came clinical 
sjmiptoms of periarteritis nodosa. The condition terminated fatally 
in the course of 12 weeks. Autopsj’ and microscopic examination dis- 
closed typical periarteritis nodosa changes in practically all the or- 
gans. The processes were quite preponderantly fresh and must all of 
them be taken to have developed within the time the patient was 
stajdng in the hospital. The authors consider it most reasonable to 
assume that the condition was caused hj' sulfathiazole. 
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UNIVEIISITY OF COPENHAGEN 
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ENDOPHLEBITIS HEPATICA OBLITERANS 

By Gunnar Teihim. 

(Received for publication September 7th, 1948.) 

Numerous cases of obliterating vascular disorders of visceral lo- 
calization have been described showing more or less characteristic 
pathologic-anatomical and clinical pictures. Of thromboangiitis 
obliterans Buerger, well known in its peripheral form, a few' cases 
submitted to post-mortem examination have thus been described 
showing, in addition to typical findings in the arteries of the ex- 
tremities, typical changes in various visceral vascular areas, e. g. in 
the coronary arteries (in connection wnth localized myofibrosis) and 
in the arteries of the gastro-intestinal tract (see Teilum, 1941). More- 
over, there have been established purely central forms, localized to the 
brain or the lungs (Hadorn et aL), but still it has not been possible 
to draw any definite limit between the pulmonal form of Buerger’s 
disease and arteriopathia pulmonalis (Ayerza), which, like Buerger’s 
disease, has been perceived as an allergic vascular disorder and even 
in some cases a being of a genuine rheumatic nature because of its 
morphological resemblance to other rheumatic vascular disorders and 
its occurrence in connection with unquestionable cases of rheumatic 
disease of the heart (Bredt, Rossle). Cases of universal vasculitis in 
the fresh stage are also known, showing thromboangiitic changes in 
visceral vessels (with numerous infarcts, e, g. in the kidneys and the 
spleen), also in the aorta and in the arteries of the extremities. Arterial 
changes of tliis nature are generally considered to be thromboangiitis 
obliterans, whilst a similar disorder of the veins is termed thrombo- 
phlebitis migrans. The latter, too, is knowm to occur both in visceral 
and peripheral forms, the latter again being often associated W'ith the 
peripheral form of Buerger’s disease as disseminated phlebitis. It is, 
however, doubtful whether the so-called thrombophlebitis migrans 
constitutes a pathogenetic entity. 
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When Buerger’s disease is localized to the small vessels, the changes 
often display the same histological picture as in periarteriitis nodosa 
which must he considered an allergic vascular disorder, closely related 
pathogenetically to lupus erythematosus disseminatus in which miliarv 
allergic granulomata and necroses have been demonstrated in the 
serosa in addition to a number of other characteristic lesions of an 
allergic nature (Teilum, 1945 — 46). 

The present publication deals with a very rare and, consequently, 
rather unknown obliterating vascular disorder occupying an excep- 
tional position because of its strict localization to a single organ, the 
liver, which displays a more or less marked occlusion oi the large 
and small hepatic veins. Already in 1846 thrombotic occlusion of the 
hepatic veins was observed by Budd, whilst only in 1899 Chiari 
described an endophlebitis hepatica obliterans as a disease sai genem, 
considering — in contrast with previous authors — an independent 
productive inflammation of the intima, i. e. an isolated endophlebitis 
without any changes of the circumference, as the essential. Like 0. 
Meyer, Beitzke and others later on, Chiari supposed that it was a 
syphilitic vascular affection, a view that has proved to be untenable. 
As already mentioned, endophlebitis hepatica obliterans is of rare oc- 
currence. In 1932 Inthorn gave a survey of the 54 cases described up 
to that year; later, the number has increased to 74 (Konig, 1944), 
whilst Kahn & Spring (1940) stated the number of cases reported lo 
be about 60. 

On closer examination considerable difference in the pathologic- 
anatomical picture are seen. In some of the cases there is thus an 
occlusion of the venous openings into the vena cava inferior, in others 
special changes of the smaller veins are described. A histological de- 
scription is lacking in the earlier cases, in the more recent ones de- 
scriptions are often found of thickened vascular walls, in particular 
of the intima, which is the only actual common feature. In some cases 
the authors have reckoned with a primary thrombosis with secondarj- 
organization. On the whole, it is probable that not all such cases of 
apparently primary occlusion of hepatic veins form an etiologic am 
pathogenetic entity. Especially in cases with a purely fibrous xascu ar 
obliteration without any histological characteristics a more t!w™ug j 
elucidation of the nature of the disease will he impossible. The c 
picture appearing in case of occlusion of the hepatic veins, an 
Chiari’s syndrome, is also seen in secondary thrombosis, se\cra c* 
of which have been described in polycythemia vera 
which thrombotic processes on the whole play an important , 

penheimer. Cole, Sohval). Kelsey & Comfort, who, m 1945, ^cscr 
20 cases of occlusion of hepatic veins, found this to he a chance - 
in 18 cases, whilst it gave rise to symptoms in 4 cases only, ap 
1 case the affection was secondary in all the cases. 

As to the nature of endophlebitis, different opinions na^ 
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advanced in the course of lime; it has, for instance, been considered 
a non-inflammatory degenerative sclerosis caused by chrome stasis 
disturbances of circulation or thrombosis. On the basis of the case 
examined by Inlbovn and Rdsslc the latter has staled Rie reasons fo 
regarding endophlcbitis hepalica obliterans as a special form ol al- 
lergic inflammatory vascular disease in Klinge’s sense of the Icrin a 
view that is endorsed by Coronini & Oberson and by Burkbardl. 1 ic 
etiology of the disease is obscure, but bacterioloxic causes must be 
considered. In infants, too, (Wurm, Ewers), and in the newborn, cases 
of endophlcbitis hepalica obliterans have been described. In Wurm’s 
cases of bottle-fed infants a serous inflammation of the walls of the 
small veins was found, which Wurm ascribed to an alimentary intox- 


ication, whilst in his case in a newborn child Konig reckoned with an 
intoxication from the mother. Endophlcbitis bcpatica obliterans in 
adults occurs especially at ages from 20 to 50 years, and is more 
frequent in females than in males. Most frequently the disease deve- 
lops gradually in the course of a few months. In conformity with the 
progressive character of the jiathologic-analomical changes, the course 


has been fatal in all cases. The initial symptoms are less than char- 
acteristic. In sonic cases initial diarrhoeas occur, which have been 
associated partly with an alimentary-toxic etiology, partly with the 
stasis of the portal vein. Gradually, the main symplpm bccomc.s an 
increasing ascites with dehydration of the patient’s organi.sm (oliguria 
and pols'cythemia spuria). The diagnosis has hardly been established 
infra vitam, which to some extent is due to the fact that the disease 
is so rare and little known. 

The following is a pathologic-anatomical description of a case of 
endophlcbitis hepalica obliterans in which it was possible to follow 
the different stages of development of the disease in the large and 
small hepatic veins. 


Case record: — The patient was a woman, aged 3G years, admitted to 
Department A of the University Hospital from Nov. Uili’to Nov. 23rd 1911. 
Never rheumatic fever, scarlatina, nor frequent attacks of acute tonsillitis. 

Three months ago she got febrile attacks with diarrlioea for 3 days. Since 
3 weeks before admission, increasing aliciominal di.stension, nausea and 
oligui'ia. No jaundice. Stools natural. No li.cmatemesis. 


Objective examination: Slight yellow discoloration of the sclerac hut not 
of the skin. Neck and thorax: Nothing abnormal. 

The abdomen: Distended, tense with marked ascites. Girth of abdomen- 
92.5 cm. By laparocentcsis clear ascites fluid (specific gi-avitv lOOt) u-as 
drawn out repeatedly, after which the liver was felt with a firm border two 
fingers bredth below the costal margin. The spleen cannot he palpated 
Ascites fluid: No growth, no bacteria, no tubercle bacilli on cultivation 
Five days after the puncture, (he ascites had recurred, but venous stasis 
uas now observed (cyanosis and oedema) of tlic left upper extremity wiili 
increased venous pressure. Deatii occurecl 4 days later, on Nov. 23rrt ‘ 
Laboratory cxaminaUons: Icterus index: 13—1.5, prothrombin time- 51 <?e 
conds, urme: — (alb. sugar), hemoglobin: 110—116, Wassermann’s lest noga 
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Cut surface of the fiver, showing obliterated hepatic veins and very marked 

signs of stasis, 

tive. Blood-pressure 120/75, sedimentation rate: 1 mm., erythrocytes; C.15 
index 0.87, leukocytes 9,800, serum protein 7.4 per cent. 

Temperature 36.4« to 38.4'* C. 

Post-mortem examination showed fresli thrombosing of the axillary vein, 
the subclavian vein and of the lower part of the internal jugular vein of die 
left side. 

The hings: Hypostasis and marginal atelectases. 

The pleura, pericardium and the heart: Nothing abnormal. 

The peritoneum: 800 cc. yellowish ascites fluid. Marked stasis of the ga- 
stro-intestinal canal. Congestion of the veins of the slomach and of the lower 
part of the oesophagus. 

The V. cava injerior: No thrombosis of the venous trunk proper, hut wlierc 
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the hepatic veins open out, ohiiteration was obseiu-ed with not quite fresh ad- 
herent, partly organized thrombi protruding into the vena cava (Figure 1). 

The veins of the lowei’ exti-emities displayed no thrombosing. 

The liver measured 21 X 18 X 10 cm. and was of a dark bluish-red colour. 
There was diffuse whitish thickening of the capsule and slight shrivelling 
along the lower margin. No granulation, but diffus retracted areas on the 
lower anterior surface, A very marked stasis was observed, with very distinct 
nutmeg markings on the cut surface. The consistence was increased a good 
deal. 

On the cut surface the large branches of the hepatic ^'eins ^\'ere seen to be 
the seat of almost complete occlusion with marked padding of the walls in 



Fiff. 3. 

Hepatic vein with endoplilebitic padding containing collagenic and elastic 
threads, i’. Gieson-Hansen. X 8. 




.... ^^0- 5. 

Branch of hepatic vein with cobwebby reticular structure with proliferated 
endotheljtim, Wood corpuscles and thrombocytes, v. Gieson-Hansen. X 170. 



Fig. 6. 


Venous polypus covered with endothelium, v. Gieson-Hansen. X 210 


connection with thrombus formation (Figure 2). Downwards .towards tl 
porta hepatis a firm whitish yellow infarct, measuring 5X4 cm., was foun 
The portal vein was the seat of secondary stagnation thrombus in the rna 
branches, but displayed no padding. 

The spleen, measured 17 X 10 X 7 cm., its weight being 550 gms. The su 
face was smooth, bluish red, and the capsule tight. N'o infarcts, the cons 
stence firm. 

The pancreas displaj'ed diffuse small fatty necroses on the surface. 

After the macroscopical findings there was no doubt tlial tlie case 
one of endophlebitis hepatica obliterans, which diagnosis was corrobora e 
by the histological examination. 

The histological cxaminalion showed a very marked stasis of the U'c 
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in addition to fresli as well as more long-standing ondo])l)lcbilic occlusions 
of the hepatic veins. The changes had progressed most in the hepatic veins 
nearest to the openings into the vena cava, whilst more recent changes were 
found in the smallest branches, so that it was possible to follow the different 
stages of the dcveloi)ment of the changes. 

The large branches of the hepatic vein were found to ho ohlilorated in 
part by a tliick j)adding of organized masses, arranged in layers, interwoven 
by collagenic and elastic threads and containing larger and smaller blood- 
filled cavities (Figure 3). Whilst this padding lined the entire circumference 
of the vessel, the smaller luvinches of the licpatic vein displayed early stages 



Hepatic vein with 
endothelium with 


endophlebitic reticular structure. (Proliferation of the 
finely granulated precipitation and incipient fibrosi.s) 
V. Gieson-Hansen. X 170. 
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with solution and proliferation of the endotbelium, the walls heing lined with 
fibiinous pads (Figure 4), also cobwebby reticular structures of proliferated 
endothelium with finely gi’anulated precipitation of erythrocytes and Wood 
platelets (Figure 5). Venous polypi covered with endothelium, the development 
of which has been explained by Rossle as a fibrinoid precipitation in the 
I^sened proliferating endothelium, were found in a few of the smaller veins 
(Figure 6) . 

From such histological pictures transitions were found via endophlebitic 
reticular structures with incipient development of connective tissue (Figure?) 
to complete fibrous obliterations (Figure 8). 

The portal vein displayed no endophlebitic changes. In the splenic vein 
there were, in parts, faintly marked purely thrombotic processes, which must 
he regarded as secondary processes. The jugular and axillary veins showed 
fresh thrombotic changes without any signs of endophlebitis. 


Epicrisis. 

A case of typical endophlebitis hepatica obliterans is reported in a woman, 
aged 36, with rapidly increasing ascites. On post-mortem examination a very 
marked hepatic stasis was ascertained with almost complete occlusion oi 
the hepatic veins, displaying marked padding of the walls in connection with 
secondary thrombosis. The histological examination showed solution and 
proliferation of the endothelium, with the formation of pads, venous polypi, 
and secondai'y thrombosing and fibrous obliterations, so that it was possible 
to follow the different stages of the changes. 


Discussion. 

This is a primary disorder, isolated to the hepatic veins with a 
characteristic pathologic-anatomical picture. Special mention may be 
made of the localizations both to the large and the small branches of 
the hepatic veins; of the well-defined delimitation of the process at 
the opening of the hepatic veins into the vena cava inferior (Figure 1), 
and of the fact that the changes are far more advanced in the large 
branches than in the small ones, which, however, displayed incipient 
solution and proliferation of the endothelium almost everyw’here. 
Moreover, the changes are primarily of an endophlebitic nature, whilst 
the thrombosing is a purely secondary one. Similar changes cou d no 
be demonstrated in other organs or vascular areas. 

The simultaneous occurrence of both fresh and more adiance 
changes affords the opportunity, otherwise only present in t re cas 
described by Inthorn and later by Rossle, of following t ® 
ment of the changes and, at any rate in these cases, shows the sa 
morphogenesis, whereas this is indefinable in most other cases 

fibrous obliteration. • „ 

Inthorn and Rossle’s case was that of a woman, aged , 
for some months had suffered from radiating abdominal 
later, from rapidly increasing ascites. The patient died a er a ^ ‘ ^ 

operation performed owing to suspicion of hypertrop iic cirr 
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only the clinical but also the pathologicanatomical 

close conformity with what has been described above, 

of the vascular walls, solution and proliferation of the endothelium 


with venous polypi IFigUTc 6). . 

Rossle stresses the points of resemblance to the changes in ca. . 
of allergic vasculitis, pointing out in particular the resemblance to 
the findings in the so-called primary sclerosis of the piilmonal artery 
previously reported by Bredl, and is inclined to consider the disorder 
a rheumatic (or rheumatoid) vascular disorder owing to the com 
forniity with rheumatic vascular changes and corresponding experi- 
mental findings. 

Neither in my case nor in that of Rossle the case history or the 
post-mortem findings did otherwise give any evidence at all of tlic 
presence of an allergic or a rheumatoid general affection (cf., for ex- 
ample, the allergic lesions in lupus erythematosus clisscminalus and 
allied conditions described by the writer). Even though the possibility 
can hardly be denied that allergy plays a rote in cndophlcbilis hcpalica 
obliterans, it is, however, reasonable to emphasize the complete ab- 
sence of allergic tissue lesions and vascular lesions in other organs 
and vascular areas; and the venous lesions in cndophlchitis hcpalica 
obliterans cannot he identified cither with the venous changes of an 
unquestionably allergic nature which arc seen in rlieumalic and para- 
rheumatic disorders, such as, for example, lupus crytliemalosus dis- 
seminatus. 

Allergic lesions confined to a single organ or vascular area, arc. 
however, by no means unknown, and llic consequences of an intoxica- 
tion from the intestinal canal, as supposed by the aulhors mentioned 
in the introduction, does not seem to be improbable. 

The occurrence of initial diarrhoeas, as in the case reported here, 
might perhaps point in that direction. 


The peripheral thrombosis in the veins of the upper extremity, in 
the subclavian and jugular veins has been regarded by me as having 
been caused by changes of the blood, resulting from Uie almost com- 
plete exclusion of the liver in connection with the dehydration (with 
secondary polycythemia), and not as a lesion that is parallel to the 
changes of llic hepatic veins. Traumatization of the walls of the veins 
of the upper extremity when drawing blood samples and measuring 
the venous hlood-prcssure may possible also have been of some lo- 
calizing importance. 


There can thus he no doubt that tlie present case and the one 
described by Inthorn and later by Rossle form a nosological cntily 
whereas m other cases of Chiari’s syndrome we may he confronted 
with disorders af another etiology or pathogenesis. Kdnig’s fetal form 
and the cases occurring in infants lake up a special position, whilst 
other cases of occlusion of the hepatic veins constitute a mixed group 

SXylhS ll..ombosc; 
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Summary. 

A pathologic-anatomical description is given of a case of eiulo- 
phlebitis hepatica obliterans in a woman, aged 36 years. Tlie clinical 
picture (Chiari’s syndrome) had developed in the course of a few 
weeks with increasing ascites. 

Post-mortem examination showed a very marked stasis of the liver 
with almost complete occlusion of the large branches of the hepatic 
veins. The histological examination revealed solution and prolifera- 
tion of the endothelium in the small hepatic veins, with padding of 
the walls and venous polypi, secondary thrombosing and fibrous oblite- 
rations, so that it was possible to follow the different stages of deve- 
lopment. 

The case reported here and the case of endophlebitis hepatica 
obliterans described by Rossle (1933) can be said with certainty to 
constitute a nosological entity, whereas Chiari’s syndrome generally 
represents a mixed group, including secondary thrombophlebitis and 
thrombosis of the hepatic veins, e. g. in polycythemia vera. 
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STUDIES ON BACTERIA OF THE BALLERUP GROUP 

By Niels Harhoff. 

(Received for publication September 10th, 1948.) 

In 1940 Kauffmann & Mailer^ described a bacterium, which — on 
account of its serological and cultural aspects — they referred to the 
Salmonella group under the designation of S. ballerup. 

Subsequently several strains have been described that were near- 
related to this one (Edwards-, Monad & PolP). As some of these 
strains differ culturally from the Salmonella group, all the strains be- 
longing hereto have been entered into a separate and special bacterial 
group designated as the Ballerup group, even though it is near-related 
to the Salmonella group (Kauffmann"^) . 

In The State Serum Institute, in recent years, several strains have 
been isolated that were found to belong to this group. 

In a preceding paper^ a preliminary account has been given of 5 of 
these strains. Since, 10 additional strains of this group have been 
isolated, most of them in 1945. Thus altogether 16 strains of this type 
were isolated up to spring 1946, including the original Ballerup strain. 

These strains have now been submitted to a more thorough in- 
vestigation than in the preceding paper. For the sake of comparison 
various other strains have kindly been placed at my disposal by Dr. 
Kauffmann, namely the following strains; 

Hormaeche orig. 

Hormaeche 40. 

Mustakallio 3205. 

Mustakallio 4924. 

Giovanardi 59. 

Giovanardi 527. 

L. C. 54. 

Exeter 153. 

These strains were examined culturally and serologically with re- 
gard to O and H antigens. 

For certain reasons it has been impracticable to carry through this 
work completely, but it still seems appropriate and of some interest 
here to report the results obtained so far. 
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O Antigen. 

The strains were examined for O antigen of various types as des- 
cribed by Kauffmann^. 

The aggJutination tests were carried out in dilutions 25 — 50 — 

6400, and the results were read after incubation at 50° for 

20 hours. These experiments were carried out with employment of 
pure O sera when such was available, otherwise with 0-H sera. Both 
for the agglutination tests and for the absorption experiments the 
cultures have been boiled, so that the possibility of H reactions may 
be excluded. 

In the preceding paper it had been demonstrated that 3 different 
O antigens were then found in the group, so that 3 different 0 types 
(see Table I) could be set up as having the following antigenic for- 
mulae: 


Original Ballerup strain; XXIX,, XXIX,, XXIX3. 

2508/42 XXIX,, XXIXJ. 

8665/42 XXIX,, XXIX 3 . 

Factor sera can be produced as follows: 

Serum 2508/42 absorbed with strain 8665/42 gives XXIX,,, 

» 8665/42 » » » 2508/42 » XXIX,'. 

Now agglutination tests were made with all the strains in sera pro- 
duced by immunization with the 3 above-mentioned strains as repre- 
sentatives of the 3 types. Further, these 3 strains were submitted io 
agglutination tests in all the present O (or 0-H) sera, in which sera 
also the homologous titer was determined. In this way, in nearly every 
instance, a positive reaction was obtained at a high titer (1600 6400), 
only 4 reactions showing a titer of 800, and 1 with a titer of 400 (Mu- 
stakallio 4924 in serum 8665/42), and it is not to he expected that 
the reactions lacking here w'ould deviate essentially from the values 
recorded. 

For determination of the O type all the strains were submitte 0 
agglutination in the above-mentioned factor sera, and thus the strains 
were found to be referable to one of the types as follows; 

3 strains were found to possess both factor XXIX, and ac or 
XXIX 3 , namely: the original Ballerup strain, and the strains 12/4/ - 
and 16448/45. Both latter strains are able in absorption 
completely to empty a Ballerup serum, and the original Baileriip 
able to empty serum 16448/45. So undoubtedly the last strain is 1 
tical with the original Ballerup strain, and the same presuma y ' 
plies also to strain 12727/42, but no serum was produced witn 
strain. 
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Tabic f. 


0 Absorption. 


Serum S. ballerup absorbed with 

2508/42 


100 ° 

culture 


1938/39 2508/42 8665/42 


and 

8665/42 


S. ballcrup 
1938/39 
2508/42 
8665/42 


3. ballcrup 
1938/39 
2508/42 
8665/42 


S. ballcrup 
1938/39 
2508/42 
8665/42 


XXIXi— XXIXsi— XXIXa 
XXlXi— XXIXc 
XXIXi— XXIXe 
XXIXi— XXIXa 


200 

0 

0 

200 


200 

0 

0 

200 


100 

200 

200 

0 


0 

0 

0 


XXIXi— XXIXa— XXIXa 
XXIXi-XXIXa 
XXIXi— XXIXa 
XXIXi— XXIXa 


Serum 1938/39 absorbed with 
S. ballerup 2508/42 8665/42 

0 0 50 

0 0 100 

0 0 50 

0 0 0 


XX IXi— XXIXa— XXIXa 
XXIXi-XXIXa 
XXIXi— XXIXa 
XXIXi— XXIXa 


Serum 2508/42 absorbed with 
S. ballerup 1938/39 8665/42 

0 0 1600 

0 0 1600 

0 0 1600 

0 0 0 


Serum SGG5/42 absorbed with 


S. ballcrup 

S. ballerup- 1938/39 

XXIXi— XXIXs—XXIXs 0 400 

2508/42 

400 

1938/39 

XXIXi— XXIXe 

0 0 

0 

2508/42 

XXIXi— XXiXe 

0 0 

0 

8605/42 

XXIXi— XXIX.1 

0 400 

400 


AUogellicr 11 strains were found to possess the O antigens XXIX, 
and XXIX^, namely, besides 2508/42, the following strains: 

Hormacchc 40,' L. C. 54, Exeter 153, 1938/39, 1939/39, 6699/42, 
10527/45, 11204/45, 12457/45, 15339/45 and 28990/45. All these strains 
were able completely to empty scrum 2508/42, and the latter was able 
to empty immune sera produced with llie first 6 of the strains men- 
tioned. ^Yhilc no immune serum was produced with the last 5 strains. 

The last 9 strains possess antigens XXIXj and XXIX^. Immune 
sera were produced with 8 of these strains, and all these sera were 
emptied completely by strain 8665/42. Besides, strains 10192/45, 
20627/45 and Muslakallio 3205 were able conixjlelely to empty serum 
8665/42, whereas the remaining strains cither gave varying results or 
failed completely to empty scrum 8665/42. These experiments indicate 
Uml type XXIX, possesses some partial antigen, and that possibly a 
change in form is taking place too. 

Furthermore, the Danish strains were also examined for the pre- 
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^ence of the Vi antigen by means of slide agglutination tests on several 
colonies from each culture: besides, some of the strains were examined 
^Iso by cultivation on ascites plates. Only 2 strains showed the pre- 
antigen, namely; the original Ballerup strain and strain 
lJ/27/42. Both shoxved distinctly a change in form, both macroscopic- 

ally in the type of growth and serologically in the slide agglutination 
tests. 


H Antigen. 

Altogether 9 of the strains were non-motile in broth culture as well 
as in semifluid agar, namely: strains 1938/39, 1939/39, 6699/42, 
10527/45, 11204/45, 12457/45, 15339/45 and 28990/45 — all of the 0 
type XXIX, and XXIX,. 

AH the remaining strains were lively motile. H sera were produced 
against these strains, excepting 12727/42 and 10192/45. Agglutination 
experiments were carried out by examination of all the strains in all 
the sera (see Table 2). Besides, tests were also made to see whether 
these strains would agglutinate in the available Salmonella H sera, 
and no positive reaction xvas found in any instance. 

The results here obtained are not clear-cut, requiring a more tho- 
rough analysis, xvith simultaneous tests for any possible change in 
form. Still, the results show something. 

The original Ballerup strain presented no overlapping with the re- 
maining strains. 1 strain (12727/42), with w'hich no immune serum 
had been produced, was agglutinated to the titer limit in serum pro- 
duced with the Ballerup strain, and it also xvas able to empty this 
serum; in addition, how'ever, it gave a couple of weaker reactions in 
other sera. Here it is to be mentioned that this strain was also the 
only one in possession of the Vi antigen, and hence it probably be- 
longs to the original Ballerup type. Tlie H antigen of the other XXIX,, 
XXIX,, XXIX, strain shoxved no overlapping. 

The only motile strain possessing antigens XXIX, and XXIXp tbal 
has been found here in the State Serum Institute showmd no antigenic 
fellowship with other strains, whereas the 3 following strains presented 
closely related antigens, perhaps identical, but no absorption expen- 
ments to this effect were performed. 

Within the XXIX,, XXIX^ strains 4 strains were found to be near- 
related, agglutinating to the titer limit — or at any rale at a high titer 
— in their mutual sera. Still, absorption experiments proved them o 
be different (Table 3), No complete analysis, including a possible 
change of form, has been carried out. Strain 8665/42 appears to he an 
independent type, although it gives some overlapping to the aho^c 
mentioned strains. Strain 10192/45 is agglutinated to the tiler limit 
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li Agglutination. 
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serum 8665/42, but no serum has been produced with this strain anc? 
thus Its aspects have not been established. Also Giovanardi 59 and 
the original Hormaeche appear to be types by themselves - althoucli 
with some overlapping. 


Table 3. 


H Absorption. 


Culture 

14433/45 

unabsorbed 

Serum 

14433/45 
absorbed with 

3205 527 

14433/45 

6400 

- 0 

> 25 

Mustakallio 3205 

6400 

0 

0 

Giovanardi 527 

6400 


0 


20627/45 


20627/45 


unabsorbed 

absorbed with 



14433/45 

3205 

14433/45 

800 

0 

0 

20627/45 

6400 

> 800 

> 800 

Mustakallio 3205 

400 

> 25 

0 

Giovanardi 527 

400 

0 

0 


3205 


3205 


unabsorbed 

absorbed with 



14433/45 527 

14433/45 

6400 

0 

200 

20627/45 

6400 


> 200 

Mustakallio 3205 

6400 

0 

100 

Giovanardi 527 

0400 


0 


527 


527 


unabsorbed 

absorbed with 



14433/45 

3205 

14433/45 

6400 

0 

0 

20627/45 

6400 

0 

0 

Mustakallio 3205 

6400 

25 

0 

Giovanardi 527 

6400 

400 

400 


Cultural Examinations. 

All the strains were examined culturally by growing on a number 
of media. Thus they all were found to ferment mannite, sorbite, ara 
binose, xylose, rhamnose, maltose and trehalose within 24 hours, 
whereas they failed to ferment adonitc, inosite, 1- and i-tartratc, no 
even in 30 days. The other reactions are evident from Tabic 4. 




174 


From Table 4 it will be noticed that most of the strains possessing 
antigens XXIX^, XXIX3 fermented lactose in 1 — 5 days, a few of them 
later, and 1 of them fermented saccharose late. The remaining strains 
did not ferment lactose and saccharose. On brilliant-green plates, as 
was to be expected, most of the strains grew as red colonies, some of 
the lactose-positive strains yielded red colonies, others green ones. 

Of the XXIX^, XXIX3 strains 5 were dulcite-negative, the remaining 
positive. 


Conclusion. 

By means of the O antigens it is practicable to classify the Ballerup 
group into 3 groups, possessing the following antigens: XXIXj, XXIX, 
and XXIX 3 ; XXIXj and XXIX^; and XXIXj and XXIX 3 . Possibly the 
last group may be divided into subgroups. 

8 strains of the XXIXj, XXIX, group and 1 strain of the XXIXj 
and XXIX 3 group are non-motile. The motile strains possess H antigens 
showing complicated aspects that have not yet been settled. 

Culturally this group reminds a good deal of the Salmonella group, 
but most of the XXIXLj, XXIX 3 strains ferment lactose, while one of 
them ferments saccharose too. 
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BREEDING OF A COLONY OF WHITE MICE FREE OF 
ENCEPHALOMYELITIS VIRUS 

By Hcrdix -uon Magmts and Prebcn von Magiuif. 

(Received for publication September I Stb, 10S8.) 

Encephalomyelitis virus of mice, which was first isolated by 
Theilcr (1) from the cords and brains in naturally occurring paralytic 
cases and later by OlitsUy (2) from the intestines of normal slock 
mice, resembles human poliomyelitis virus in various ways: The clin- 
ical picture shows flaccid paralysis with itraclically no encephalitic 
symptoms. The virus is found in the intestines and excreted with tlic 
stools not only in paralyzed mice, but also in asymptomatic animals. 
The histological picture and the incidence of naturally occurring eases 
arc also comparable with the findings in human poliomyelitis. 

Strains of this virus arc designated TO (Theilcr Original) (S), to 
distinguish them from similar mouse viruses (FA, GD Vll) later i.solal- 
cd by Theilcr and Card (4) and Mclnick and Riordan (,’)). These latter 
viruses differ in essential qualities from the TO virus (3,5). 

Normal colonics of laboratory mice investigated here and else- 
where have been found to harbor TO virus. 'Die virus can be de- 
monstrated in the intestines and intestinal contents from the age of 
three weeks and onwards for a period of several weeks. 

It seemed likely that a comparative study of a normal jfinfcclcdc 
mouse colony and a colony totally free from TO virus would offer a 
good opportunity for studying some of tlic problems concerning natural 
infection with and immunity to TO virus. So some years ago we al- 
tempted to breed a TO-free stock of mice. 

We intended to avoid the »nalural« infection of baby mice by 
using white rats to nurse them. While rats have never been found to 
harbor TO virus. The method used was as follows: 

A number of pregnant female mice close to Icrjn were washed 
carefully with 96 % alcohol and placed separately in sterile boxes 
containing sterile sawdust. As soon as one of the mice had deUvered 
the babies were transferred to another sterile box. A while rat whicli 
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^ad delivered the same day, was washed wth alcohol and placed in 
the same cage. Although the rat ale the newborn mice in most cases 
occasionally it adopted the mice and nursed them. During this period 
the rats were kept in a well cleaned room and fed sterilized food (bread 
and grain, tap water, and in some cases pasteurized milk). The animal 
caretakers changed their coats and washed their hands carefully be- 
fore handling anything in the room. 

After this one »passage through rats« the new colony was con- 
tinued by mouse in-breeding, and the precautions to avoid contamina- 
tion with TO were contionued. 

These procedures resulted in 1945 in a colony in w'hich no TO \irus 
could be recovered from the intestines of the mice at any age. But 
somehow the colony once became infected with TO virus. Another time 
the stock was discarded because of infection with bacillus piliformis 
(Tyzzers disease). It was not until the spring of 1948 that the supply 
from a new breed became sufficient enough to permit experiments for 
a period of 3 months with adequate numbers of mice. However, at the 
end of this period the colony has become infected with TO. 

This latest colony of isolated mice (L-mice) was started in October 
1947. It has been tested monthly from January 1948, and for 6 months 
no virus could be demonstrated in the intestines of mice, which 
were tested immediately after their removal from the isolation room. 

The test for TO virus is carried out by inoculating a 20 % etherized 
suspension of intestines and intestinal contents from 5 mice (usually 
6 — 8 weeks old) intracerebrally into 20 white mice, 4 wmeks old. 

The same procedure performed on intestines and contents from 5 
normal mice (A-mice) 3 — 12 weeks old, results in paralysis in 10 18 
out of 20 inoculated animals during an observationperiod of 28 daj's. 

Normal adult mice are very little susceptible to peripheral inocula- 
tion with TO virus (1, 6, 7, 8), and this has been found true also 
with baby-mice (8). However, preliminary experiments have suggested 
that a difference in resistence exists in our bvo groups of mice, the 
vdrus-free mice (L-mice) and ordinary w’hite mice (A-mice). 

Subcutaneous and oral inoculation of baby mice produces 
100 % paralysis in L-mice, while A-mice are practically insusceph J c. 
(However, a few litters from the A-mice are very susceptible to lu 
Adrus, as has been preAuously shoAsm by 0rskoA' and Krag An ersen 

( 8 )). . 

Ea'cu the more vigorous challenge — intracerebral mocu a m 
shows a clear difference. TO virus titers from 10 to 100 1™^® ' 

in adult L-mice than in A-mice, the difference increasing wi mo ^ 

A carrier state can be produced in L-mice without any j 

nying paralysis by contaminating the cages with stools from nor 

Further details about the experiments will be published elsewhere. 
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This sUidy has been aided by a grant from Hans McKinney Mollers 
Mindefond til Bekeempclsc af Bornelammelsc. 
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By Einar Espersen. 

(Received for publication September 23rd. 1948.) 

Since Robert Koch demonstrated the tubercle bacillus in 1882 a 
number of workers have studied it, and it is fairly safe to say that 
hardly any other bacterium has been the subjeet of such different 
opinions. 

In addition to the classical acid-fast rod there have been descrip- 
tions of non-acid-fast rods, as well as granular forms, fungoid forms 
and filterable forms. I shall mention merely some of the main points 
in the very comprehensive literature on the subject. 

In 1907 Much-'*) descvibed the granules that bear his name. In some cases 
of domestic animals (calves, sheep, pigs) with miliary tuberculosis, in die 
lungs of which he had been unable to find TB by means of Ziehl-Neelscn 
staining, by employing a modified Gram staining be demonstrated fine, Gram- 
positive granules, some singly, others in rows of up to five, and fine Gram- 
positive rods. After incubating pieces of lung from the animals in scrum 
tubes be was able after three days by means of Gram-staining to shory fine 
granules and fine rods, but nothing when he used Ziehl-Neelsen staining- 
After six or seven days, Gram-staining showed numerous rods, while Ziciii- 
Neelsen staining revealed acid-fast rods. 

Inoculating pieces of lung into guinea-pigs produced widespread tubercu- 
losis, and acid-fast TB were found in the organs of the animals. 

Likewise, in pus from cold abscesses in man, in which he ryas unable o 
find TB with Ziehl-Neelsen staining, he found similar Gram-positive granu c 
and rods. After infecting guinea pigs intraperitoneaily with the pus 
able after 24 hours to demonstrate Gram-positive granules, after two- \ 
days Gram-positive rods and fine, acid-fast rods hy Ziehl-Neelsen 
Killed after six weelrs the guinea-pigs showed tuberculosis with acid-las 


*) Carried out with aid from Miss P. A. Brandt’s Bequest. 
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in the organs From this Much deduced Ihiit tlic Gram-slainahle g™«>.Ics 
had developed into Gram-stainnhlc rods which, after impregnation with fatfv- 

acid suhstance, developed into acid-fast i ods. t , , 

From his experiments liluch concludes that there is u granular foim of 
tubercle bacillus which docs not stain by the Ziehl-Ncelsen inelhod, ant tha . 
this granular form is virulent. It may be found as the only demonstralde 
form in the tuberculous organs or together with fine rods. Tiiere aie 
tions from the granular form to the fine, Gram-positive rods and on to the 
acid-fast rods and granules that are Ziehl-Ncelsen positive. 

In 1929 Morton Kahn^® published bis theory of the life cycle of the tubercle 
bacilluk i-Ic examined a strain, H,-, in banging micro-drops of Long's medium 
in moist chambers. He succeeded in isolating a single or a few tubercle 
bacilli in each drop. He drew the conclusion from his experiments that If.,, 
multiplies not only by simple division, but also by moans of a more 
complicated reproduction: a) Initial segmentation of the rod into three or 
more ovoid elements, b) Division of these elcmcnls into diplococcoid forms, 
c) Followed by grouping and reduction of the elements into a crowd of dust- 
fine pai-ticlcs,' from which small and fine rods shoot out. d) Later dovolop- 
rnont of these fine rods into mature tubercle bacilli. 

The coccoid and diplococcoid elements are acid-fast, whereas the very fine 
particles are non-acid-fast; the latter may possibly be the non-acid-fast 
gi'anules described, by Much. 

In Denmark Kahn’s work was critically examined in 10.32 by Onskov”) in 
a brilliant work on the initial growth of the tubercle bacillus. Or.skov repeated 
Kahn’s experiments with the hanging-drop in a moist rhamber. but arrived 
at the conclusion that the changes dcscrihcd hy Kalin were not an expression 
of growth of tlie bacillus hut duo to its degeneration in eon junction with 
crystallizations from the medium. 

Orskov al.so studied the initial growth of the tubercle bacillus hy direct 
agar microscopy on sauton agar and pointed out a certain resomhiance to 
the growth of ray-fungi, including angular growth and the frequent occur- 
rence of true branching in the human strain too — as signs of relationship 
between ray-fungi and mycobacteria. 

In 1934 WychofF” showed — hy means of micro-film recordings — that 
in young cultures (ho tuhorclo hacillus gi-ows in length liefore fission, whereas 
in old cultures fission takes place without previous prolongation, so (hat the 
bacteria become shorter and sliorter during growth until coccoid forms 
appear, 

A new work hy Kahn Nonidez'"' appeared in 1930. On examining stained 
paraffin sections (Ziehl-Neclsen) from young gi-owth pellicles on Long's fluid 
medium and colonics on Petroff’s egg medium they found that (lie peripheral 
parts of the tubercle bacillus colony consists cbieflv of non-acid-fast granules 
and coccoid forms, whereas tlie central parts of the colony are made up of 
chiefly acid-fast rods. They state that the granular and coccoid forms 
originate by segmentation of tlic rods under conditions where the rate of 
fission IS greater than (he ability of (he microbe to grow in length Tliev 
consider them to be the youngest forms of the tubercle bacillus, as they ar'e 
found in abundance m young colonies, but only few in old ones- as^tboir 
numta- .s l„sl,ost 1„ n,o ll.oy g.wl,, 

Tiic non-acid-fastness is explained by these authors bv savino- tbot in 


Vera & Bcltger''® 1939, studied four tubercle bacillus strabn, n. ,»• 
ralturc on Long's oga,- i„ a moist cl, ami, or dli-ccUv un Ic , JovcZlZ t,T' 
condnsions tver. that ll.o nsnal m.l„„<, of y^,„„u,cno,?o" mol&vSc laclL 
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lus is fission. Branching occurs occasionally. No other 

duction was observed. The development of many variant forms of cells wa”s 

LnsSn.'' ^-educing the oxygen 

In 1944 Yegian & Porter^ advanced their theory that many of the non- 
acid-fast forms are free artificial products due to traumatization. Youn- cells 
are more easily destroyed than old ones; the more pains are taken with the 
smearing, the more numerous are the non-acid-fast rods and granules the 
destruction of the cells involving loss of acid-fastness. 

Laporte^o, 1942, examined the autolysis of the tubercle bacillus and 
described the degenerative phenomena in old cultures as follows: First phase 
conversion into granules of the bacillus, which still retains the classical rod’ 
form. Second phase, liberation of granules with the dissolution of ectoplasm. 
Third phase, loss of acid-fastness and progressive fragmentation of the fiec 
granules. As a rule the second and third phases proceed together. The first 
phase may be absent, or it may not be followed by the other two. 

Granular fragmentation with loss of acid-fastness may be seen in cultures 
killed with toluol, chloroform, thymol and ether (not formalin or heat, which 
kill ferments). Oxygen is necessary for autolysis. 


The origin of the tubercle bacillus from and transition to fungus bare 
been described particularly by Swedish workers, 

Reenstjerna-'^, 1912, from the sputum of pulmonary tuberculosis patients 
isolated three forms of fungi of the oidium type. Gram-positive but not acid- 
fast. In pure cultures of these in glycerine broth 7 and 17 days old he found 
acid-fast rods like tubercle bacilli, which he assumed originated from the 
fungi. Inoculation into rabbits a month later, however, did not produce tu- 


berculosis. 

Conversely, after transplanting known human laboratory strains of Koch's 
bacillus in glycerine broth in its turbid phase from two to seven days he was 
able to demonstrate diphtheroid, non-acid-fast but Gram-positive rods, where- 
as the pellicle on the surface of the glycerine broth always consisted of acid- 


fast rods. 

He also succeeded with four human tubercle bacillus strains in provoking 
the formation of non-acid-fast, Gram-positive, large »cocci« resembling yeast 
cells and very like the aforesaid fungus of the oidium type. 

Gullberg”, 1938, in sputum from Hvo pulmonary tuberculosis patients and 
in the blood of a patient with high fever and erythema nodosum found a 
non-acid-fast, but Gram-positive yeast-cell-like fungus (of oidium type). After 
preparing single-cell cultures and repeated transplantations in glycerine hro i 
he was twice able in the course of tw'o years to demonstrate the occuricnce 
of acid-fast granules and rods of exactly the same appearance as Kochs 
bacillus. Inoculation into guinea-pigs produced in one animal a cascou 
inguinal gland, in the pus from which he found acid-fast rods. The aniro. 
died of cachexia after two months; a few' acid-fast rods were found m m 
lungs. Several of the otlier guinea-pigs also died of cachexia, but with no .ig 


of tuberculosis, .. . 

Hollstrom^-, 1942, continued Reenstjerna’s wmrk on non-acid-fast, mi ^ 
theroid rods. By means of a special arrangement he w'as able to 
samples from the bottom of a glycerine-broth culture of tubercle ' , ,g 

out touching the acid-fast TB on the surface. After eight days ic 
to observe acid-fast granules in many of the diphtiieroid rods an ® ' mji 

from them, the number increasing during the next four days. On ' , , 

day, in among non-acid-fast and partly'' acid-fast elements he foun 
rods which w'ere completely acid-fast. After tw'O more days he -pntri- 

small, acid-fast corpuscules. On the twentieth day, cspeciallj a j| 

fuging, besides the above forms ho also found a few fungus colls o j 
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thP raaioritv containing acid-fast granules. Mixed infection being out 
ifthe rueSn/and as celts were never found on tbe surface 

of tbe culture, be assumed that some of tbe diphtheroid rods gi owing in the 
oxygenSom- Stratum at the bottom of the medium must have developed into 

^"""S/pmmring single-cell cultures of the non-acid-fast, clildithcroid i^ds 
and inoculating into guinea-pigs, he was able in two instances to 
acid-fast rods in them, and in one of these animals typical tubeiculous 
changes. The author assumed that the non-acid-fast diphtheroid rods deve- 
loped in the animals into acid-fast rods. , . , , . 

I shall not here go into the question of the filterable tuberculosis virus, 
first described by Fontes^ 1910, later by Vaudremer*®, 1923, who was also able 
to cultivate this virus on suitable media, Calmette', 1928, and others. 

More I’ecent studies, Gloyne, Glover & Griffith®, 1929, 0rskov & K. A. Jen- 
sen"*®, 1930, Vera &Rettger®®, 1939, and Soltys & Wilson^®, 19U, failed to verify 
the existence of a tuberculosis virus of this kind. 


Own Investigations. 

For these investigations I employed a well-known virulent human 
tubercle bacillus strain, Humanus E,. 

They were made on microcultures on solid medium in a moist 
chamber; the individual bacilli were observed direct under the cover- 
glass with an immersion lens and at suitable intervals. 

The method has not previously been employed successfully in Denmark. 
The principle in the procedure is Grskov's"'- method for the pure cultivation 
of bacteria, amplified by K. A. Jensen^'* for measuring baciorial growtii. As 
I have made some changes in the method for the purpose of studying tubercle 
bacilli, and as painstaking technique is of great importance if * a successful 
result is to be obtained, I sliall describe it bore. 


T echnique. 

The moist chamber consists of a four-sided metal frame, 1 mm. high 
30 X 22 mm .in length and breadth. This ring is paraffined on llie inner side 
and secured by means of paraffin to an ordinarv slide. The ceiling of the 
chamber is a sterile cover-glass 24 X 32 mm. (fig 1) 


izzzzzzsr 


--C 

■ 


. Fig. i. 

The moist chamber, a. Slide, b. metal ring, c. cover-glass and block of medium. 

The cover-glass is wiped with iion-greasy paper and sterilbed bv enreful 
itT/- w underside of the cover-glLrw S 
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Emil Clir. Hansen^® 1883, who followed the development of saccharomycelcs 
from a single cell in gelatine culture in a moist chamber on the underside of 
a cover-glass directly under the microscope. Hillii, 1902, later employed it for 
studying bacteria on agar. 

The faloch of agar is fixed to tlie cover-glass along the ends with molfw) 
paraffin; this prevents the preparation from being moved and making it 
impossible to find the same cells again. By suspending the agar block under 
the cover-glass the air in the chamber, especially the oxygen, can diffuse freely 
up through the agar; as we have to do with the cultivation of an aerobic 
bacterium, this is important. A further advantage is that any slight dif- 
ference in the thickness of the block as a result of an imperfectly plane Petri 
plate will he of no significance. 

When the agar block is secured the covez’-glass is placed over the chamher 
and sealed to it with molten paraffin. The slide is then placed under the 
microscope and fixed exactly by means of the clamps on the stage. Using 
the immersion lens, one finds a suitable field, and the bacteria in it are 
drawn on squared paper with the aid of an ocularmicrometer. The position 
of nonius is then marked. By means of this mark and the mutual positions 
of the bacteria, perhaps a characteristic group of cells, it is possible to 
recognize the same field. The individual bacterium may now be observed at 
suitable intervals for months if necessajy. 

The microscope used is a monocular Zeiss microscope No. 33040. Eye-piecc 
marked: 10 X. The eye-piece is fitted with an oculai'micrometer. Immersion 
lens marked; H. I.® 55 - 0 a- adjusted very accurately. . 

For illumination I used a powerful, but stopped-down light, 40~C0 c,p., 
with which the bacteria can be seen more distinctly. 


Medium. 


The medium which I have found to he best for cultivating tubercle bacilli 
under a cover-glass is serum-tween-mannitol-sauton-agar, i.e. Sauton s me- 
dium with tween 80 0.05%, serum albumin 0.5%*), mannitol 0.2% and agar 


l.S%. 


Sauton’s medium; 

Magnesium sulphate 
Citric acid 

Secondary potassium phosphate 
Asparagine 

Fei-riammoniumcitrate 

Glycerine 

Mains water 


8 - 

2 

8 

2 

10 

0.20 

c. c, 240 
« 3800. 


Neutralization with ammonical w’atev to pH. 1.2. 

Having found in the course of my first experiments 
lytic to the tubercle bacillus, I removed the glycerine fio 

Serum-tween-mannitol-sauton-agav is almost wholly clear, only famOj 
opalescent and therefore suitable. 


*) The serum albumin was prepared by Dr. 

Serum Institute. Originally I used human serum albumin, latci bo 


albumin. 



nnployn. 1 ^va. Ul.« nw. u, a,Uiv,ao un.l.r 

on ?uuton-in:nr ami ordinary npar. ...i,,vi, ,,;>,>« 

^ i^r inoculation I used cultures from Dul.os- fluid mcdnnn. nlncii n . 

)-anid Rrowlli from minimal inocula in do<'n cultures. 

Tlie followinK was the compo.silinu of nuhos medium: 


f-'- 

1 

ti 

i.r.fi 

ft.!'. 


K!h!‘Ot 

NavdlPOi, lillsO 
Na.i citrate 
Me?0.. 7IhO 
.•\s|\arnuinc, 20 c. c. <>f 10 solution. 
Mannitol - 

Tween KO, c. c. of solulitm, 

Ferriaiumoniiimciirate n.l 

Serum-alliiunin 

nistilled water to lO(U) r. c. 


The medium is ;t<iiiislcd to idl T.o 7.2. Th- smim alhiitnin i*- dis-ohed 
in distilled water, 'i r j solution. neutralise<l ami filtered twice ihroiik')) a 
Seit 7 . filter. The serum allmmiti is added the medium aseptically after auto- 
clavinp. The mi'dium is divided into tuhes. r> r. r. in each. 


Jnnctthim. 

The inoculum tiitisi he dense, e. p, om* c<dl to e.aeh It'ir. and yet a- far 
as possihle it must consist of isolated cells or smalt proiips of cell';; a loojdul 
of an 8— 11 day culture iii Pulios’ medium will u-uallj’ suffiee, in some 
instances 1 employed a small loopful of a h.’icleria) ,'•U'■pen‘■ion, 

TJie inoculum is jdaced on au aseptically cut, niodi-rately dry jnr;ir Idork 
and spreail over it. as evenly as possihle. Or <ine may first sjnvail half of 
the Mock and then the other half, .‘iirokim; from Ihe fir.-t half over to the 
second; tins gives a different inoeulnm density on the two halves. 


Hffc.rtincncss n( Mcllwd, 

n is iinnece.ssary to introduce wale,- into (|,e ehamhe,-; the medium in 
(he chamhpr will keep for scvei-al month.s, six to nine, without .Irving 
Nor ,s a supply of a,r or oNvgen neeess.-uw. ..\s- fa,- as possihle thi. niiorL: 
cull, n-es .should not he e.vposed to the lipht and should he taken f,-om (he 
thciinoslat for mici'oscnpy for .short period.s only 

The effectiveness of the method is shown hy’ tl,e fact that if a seven to 
foil, teen-day cultui-e fi-om Duhos' medium is ti-misphnited (la-i-e will he „ 
gmmnntmn i.ercontape of fT, to lOP „.s well «s diffuse growth in the ennrs. 
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The cultures can remain alive for many months' 1 hnvp coaiio/i t 

months old and obtained growth iif ever™ 

The method is suitable for studying the influence of various substances 
on the growth of the tubercle bacillus; one compares the growth in several 
moist chambers simultaneously; even very slight influences can be detected 
by this means. 


Normal Growth of Tubercle Bacillus. 

Immediately after seeding from Dubos’ fluid medium in the growth 
phase, with cultures seven to fourteen days old, the bacilli will be 
seen in the form of non-motile, thin rods with slightly rounded ends 
and very faintly refractory to light. Closer examination null reveal 
various numbers, usually two to six, rather more refraclile granules 
in them. 


The bacilli are straight or slightly curved, some lying at angles 
to one another. The length varies from 2 to 4 fi (fig. 2). After 24 hours 
the cells are seen to have grown in length and thickness, some having 
become curved and entered upon the fission phase. A very few will 
have divided entirely. The cells are now more refractible and granules 
become more distinct. They are now 4 to 6 p, long (fig. 3). 

In the second day fission is lively. Fission takes place transversally, 
the elongated or curved cell dividing across the middle. After fission 
the bacteria may lie in line, though often with slight parallel displace- 
ment, or they may form obtuse angles with one another. This angle 
is presumably a form of incomplete fission, the two cells being con- 
nected after fission by thin bridges of protoplasm. 

As a rule these bridges are invisible, but in some cases vvlicn the 
cells have been very large, 8 to 10 p, under the influence of various 
substances, the bridges were quite distinct. 

As the one or both of the angle-forming bacteria move closer toge- 
ther the angle becomes more acute, until at last they lie parallel. Tlii.s 
is a very characteristic mode of fission (fig. 4). 

The new cells quickly divide again, and in the course of three or 
four days fission proceeds at increasing velocities, resulting in svnn 
colonies; in these colonies the cells may often be seen arrangec m 
parallel streaks or swarms — again perhaps owang to the aforcsnii 

protoplasm bridges. ,, 

During the rapid growth on the fifth and sixth days I e cc - 
decrease again in size to the original 2 — 4 p, and granulation w 


prominent. 

-In the course of the seventh to tenth day the growth woll 


Hsuflily 


be diffuse in the slide. 

If a thin inoculum has been used, whereby growth does not Dec 
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diffuse, it will be seen that in the colonies the velocity of growth after- 
reaching a maximum falls again until growth almost ceases in the- 

course of about three weeks. ^ , 

How does growth proceed in the colonies? It is easy to see that 
there is peripheral growth, for there we can follow the individual cells; 
division proceeds in the usual manner hy transversal fission of the- 
elongated and perhaps curved rods and not, as Kahn & Nonidez^®) as- 
sumed, via a granule phase. 

Within the colony it is impossible to follow a single cell. Kever- 
theless it is clear that growth is proceeding, because the peripheral 
cells can be seen to be pushed farther out without dividing, while at 
the same time the number of cells in the colony increases. 


Branching. 

In the human tubercle bacillus strain with which I have worked' 
there was extremely little genuine branching; I observed it definitely 
only a few times, once after transplanting a fourteen-day culture, after 
transplanting a six-weeks culture and after transplanting a four- 
months culture (in the latter instance two examples of Y-branching), 
and finally, after transplanting a 16-days culture under conditions, 
where access of air to the culture was prevented. 

Branching after transplanting old cultures is not peculiar to the- 
tubercle bacillus. Gardner"), 1925, found branched or Y-forms (one 
Y-forni for every 2000 simple elements) after seeding two to ten 
months’ cultures of bac. coli, bac. dysent. (Shiga), bac. dysent. (Flex- 
ner), bac. typhosus, vibr. chol., bac. parathyphos, B and C. 

Miehe®®), 1909, who studied a human strain by the hanging drop- 
method, states that branching undoubtedly occurs, but very rarely. On 
the other hand, 0rsko^'-‘^) considers that branching occurs as a normal 
form of division in the human type too. According to Vera & Rettger®“), 
branching does occur occasionally, but the usual form of division is. 
by transversal fission. 


Oranules. 

In every culture of tubercle bacilli one finds a varying number 
of granules m addition to the rod-shaped bacilli. In size thev cor- 
respond almost to the thickness of the bacilli (0.3 to 0 5 u) in the 
oregomg I said that the rod-shaped bacillus divided by Hansversal 
fission and that reproduction did not proceed via a granule phase Then 

Mlir i'^to rod-shaped 
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- naicrocultures seeded from seven to fourteen days’ cultures 

m Dubos medium I have followed these granules from day to day (the 
number per field varied from a few to twenty or thirty) until the 
growth of the rod-shaped bacilli became diffuse, and in not one in- 
stance did I observe a granule develop into a rod-shaped bacterium 
although the germination degree of the rods in the same field was 
between 90 and 100 %, so that the conditions for growth would seem 
to be good. 

In microcultures I have also followed granules from cultures of 
various ages, two days to seven weeks, seeded from Dubos’ medium, 
but without seeing any of them germinate; in these experiments, when 
the growth of the rod-shaped bacteria was slow and failed to become 
completely diffuse, I was able to follow them for several w'ceks, in 
which time some remained unchanged, others decomposed. 

In addition, I experimented with two cultures, one four months 
old, the other seven months, grown in microculture under a cover- 
glass on serum-tween-mannitol-sauton-agar. Prior to transplanting, 
the cultures were in visible process of autolysis. On being stained ac- 
cording to Ziehl-Neelsen a number of acid-fast rods were found, most 
of them granulated, a number of free granules stained by methylene 
blue, and crowds of granules and amorphous material stained by 
methylene blue. 

On transfer to new medium it was seen that the cultures consisted 
of masses of granules, some of them very small, and a number of 
more or less well-preserved rod-shaped cells. During the following days 
some of the rod-shaped bacteria grew' out into colonies in the usual 
manner, whereas the granules did not change during the w'holc ( 
the six weeks period of the experiment. Grow'th among the rod-shape 


bacteria at this juncture had long ceased. 

How do these granules stain? In young cultures some of them ai 
acid-fast, others are coloured by the counter-stain, methylene blue an 
according to Gram. In older cultures the acid-fastness decreases. A 
stated, old cultures consist preponderantly of these non-acid-fas 
Gram-positive granules. 


Autolysis. 

What is the mechanism of origin of these granules found in cii 
tures of tubercle bacilli? 'This question is best answ'cred when 
observe w'hat happens w'hen the tubercle bacillus autolyscs. 

Autoly'sis may be observed in cultures in wdiich the degree c 
germination is not 100 %. Here it w'ill be seen that cells w ^ 
not germinate become less refractily compared with the germina i 
cells, whose refractive pow'er increases. Tire difference in t us po\ 
is often conspicuous even on the day' after seeding. 
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Gradually as these cells become less refractile, more shadowy, one 
sees granules stand out more distinctly, until at last where the cell has 
been there is nothing but some granules, from two to six, surrounded 

by a thin cell membrane, ectoplasm. 

In some cases granules can be observed on the outside of the cell 

membrane owng to its having burst. 

If autolysis proceeds further, after two or three weeks in the 
vicinity of the autolysed cells one may see infinitely sniali, scarcely 
wsible, faintly refractile, irregular granules, the destruction products 
of cells and granules. Ectoplasm, and particularly granules, are highly 
resistant; in several cases I have observed them for one or two months 
Avithout seeing them change. 

I have also observed autolysis in some cultures Avhich I followed 
for two months. A few of the cells autolysed in the usual manner, 
becoming less refractile and segmenting into granules. 

Tliat granules originate by autolysis is also shoAvn by the fact that 
old cultures consist chiefly of these elements. On examining an old 
microculture Ave find numerous free granules in among the colonics, 
the products of autolysis Avith the bursting of the ectoplasm. Most of 
the granules, hoAvever, remain on the site of the rods, making it dif- 
ficult to see how far adA^anced autolysis has progressed in a culture 
of this kind. It is only after seeding on a new medium that avc can see 
hoAV large a share the granules represent. 

In microculture I have also studied the »autolysis« or dissolution 
of a fourteen-day culture treated bj'^ »Kochning« for half an hour. Im- 
mediately after seeding one sees weakly refractile cells Avith slightly 
more refractile granules, very much the same as a living culture. The 
cells remain practically unchanged, until after three or four Aveeks they 
fall into myriads of tiny particles. Here, then, is direct fragmentation 
of the bacilli Avithout previous granular formation. 

A granular transformation of the tubercle bacillus similar to that 
during autolysis is to be seen under the influence of certain lytic 
substances, some antibiotica and glycerine. I shall revert to this later. 


Filterable Granules. 

Just a Avord about filterable granules. If such granules can grow 
upon a medium suitable for the groAvth of tubercle bacilli, as Vaudre- 
mer assumed, I Avould often in my microcultiires have observed cells 
appear at places Avhere I had not preAiously seen or charted them, 
iiiis nas not Ijcen the case, however. 


Below I shall describe the effect of streptomycin, penicillin sulnlm 
tluazol and glycerine on the growth of the human tubercle hacilluL^ 
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Streptomycin. 


In 19i4 Schatz & Waksman' found that streptomycin ivas bacteriostatic 
and bactericidal to Mycobact. tuberculosis. Concentrations of 200 to 300 units 
per c. c. medium killed the cells in the course of a few days; lower concm- 
trations had a similar effect in the case of sufficiently long incubation ten 
days or more. ’ 


Wolinsky & Steenken^'^, 1947, studied the sensibility of a T. B. strain, Ih; 
Rv, in various media, including Dubos’. The effect on growth was determined 
partly by visible turbidity, partly by quantitative measuring in a photo- 
electric colorimeter. The quantity of inoculum was 0.1 c. c. In a conepnfra- 
tion of 0.05 Mg per c. c. streptomycin caused little gi-owth inhibition, 0.2 /(g 
considerable inhibition, and 0.4 yg complete inhibition. Incubation was for 
16 to 20 days, pH 7.1— 7.4, 

Smith & Waksman^® 1947, studied the effect of streptomycin on a non- 
pathogenic, human strain and a pathogenic, human strain, B,-. The 
bacteriostatic effect was tested in fluid Dubos’ medium, the bac(ericid,al cl- 
fcct in Dubos’ agar. For the non-pathogenic strain bacteriostasis at 0.2— 0.E ug 
was found to be dependent on the length of the incubation time. With short 
incubation (6 hours) bactericidal effect required more than 2 iig, with long 
incubation (240 hours) 0.3 ug. In the case of Mycobact. tub. Hot Rv, 2 fig were 
required for complete inhibition and 1 pg for partial inhibition. Incubation 
1 to 14 days. 

The main effect on the morphology of the tubercle bacillus was the los.s 
of acid-fastness, increased granulation and, in strong bacteriostatic concen- 
trations, a shortening of the rod. 


Oivn Investigations. 

To serum-tween-mannitol-sauton-agar (sauton wuth glycerine, 
human serum albumin) was added streptomycin (Merck) in concen- 
trations of 2, 1, Va and Vi unit per c.c. (1 unit = 1 fig). Fm”' 
microcultures were prepared by means of the above-described Icci- 
nique, seeding from an eleven-day culture from Dubos’ meduun. 
control preparation was also made. 

Immediately after seeding I picked out the most uniform he s 
possible in the various slides and plotted them on a diagram. The same 
cells were then observed by daily microscopy for a period of five wee s. 
The observations made in the various cultures will be dcscri i« 

briefly: i-jOr 

Control culture: Germination 96 %. Apart from a few ® , 

swmllcn cells the cells w’cre normal, and diffuse growth was o ) am 
in the course of fourteen days. 

Culture with 2 u. streptomycin per c.c. medium; 
the cells are slightly more rcfractiie, but there was no defnn e fe™ 
From even the second day it was possible to observe r 

w'hich increased rapidly. The cells became less ^ .^^7 

into granules w^hicli in two or three ivecks broke up m o in> 
when lysis was complete. 
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Culture ^vith 1 u. streptomycin: After 24 hours the cells were more 
refractile, a few had grown in length and thidmess and had also 
curved hut most of the cells were unchanged. Tims there was little 
primary growth. From the second day the picture remained unchanged. 
The incipient cell division stopped, there W'as complete bacteriostasis 
followed by lysis as with the foregoing concentration. 

Culture w'ith y% u. streptomycin: After 24 hours the refractive 
power of the cells increased and they had growm in length and thick- 
ness; some had curved in the initial fission phase. After the second 
day there wms complete bacteriostasis and lysis had commenced. Lysis 
proceeded for the most part as already described, but some cells be-, 
came much swollen during the process, their protoplasm became 
darker, and granules appeared distinctly. They w'ere much larger than 
usual, 8 to 9 g. A few of these cells were still to be seen in the culture 
at the close of the experiment five Avecks later. 

Culture with 1/4 u. streptomycin: The most marked morphological 
changes were observed at this concentration. In the first 24 hours the 
refractive power of the cells increased and they grerv in length and 
thickness. In the second and third daj's this growth continued, while 
simultaneously fission began accompanied by curving and incipient 
angle-formation; this, however, w'as succeeded by bacteriostasis. Only 
a few cells completed their fission; it was incomplete as far as the great 
majority was concerned, the rods still forming obtuse angles wdth one 
another. There was a prolonged lag-phase, two days, which wms not 
succeeded by a division phase. 

In the vers’’ next day, the fourth, lysis of some cells was observed 
and it continued during the following days. It set in first in the cells 
which had not begun to grow. Cells which had commenced to grow 
became swollen, some during growth, others during lysis. Some of 
these swollen cells had a length of 8 to 10 g, they had a darker 
protoplasm and distinct granulation. In this phase they were of dif- 
ferent shapes: club-shaped, spindle-shaped or like a Pezzer catheter, 
the swelling taking place a little way from one end. The point of the 
club corresponded to the site of fission (fig. 5). 

Lysis in these cells often set in rapidly, one or two days after 
they had become swollen; in other cases the 3 ^ remained unchanged 
for weeks. After two or three weeks Ij'sis was almost complete, the 
swollen granulated cells decomposed into tiny particles, though some 
were not altered at the end of the experiment. 

The experiment was discontinued at the end of five weeks, there 
having been only infinitesimal changes during the last two weeks 
Transplantations were made from the various microcultures to Dubos’ 

rn"m3:ir^' 

In addition, from the culture %vith y 4 u. streptomycin I transnHnted 
again into microculture on medium without sLptLycin Nunwous 
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granules were then seen and it was also possible to find some of the 
swollen cells, but they gave no growth within a period of two months 
At the close of the experiment I also made some stained prepara- 
tions according to Ziehl-Neelsen. A few acid-alcohol fast granulated 
rods were found in the cultures with y 4 , Vg and 1 unit streptomycin 
In another experiment of the same kind I examined the effect of 
Vs.Vio, V 32 and V64 u. streptomycin per c.c. medium. For seeding I again 
used an eleven-day culture. 


Control culture; Germination 94 %. A few swollen cells, otherwise 
normal growth, diffuse in the course of twelve days. 

Culture with Vs u. streptomycin; Germination 86 %. During the 
first six or seven days there was definitely a slight bacteriostatic ef- 
fect. The cells were large, some swollen, and . several were seen to he 
in process of ly^sis. Thereafter growth was rapid and diffuse growth 
was reached simultaneously with that of the control culture. 

Culture with Vie u. streptomycin; Germination 86 % .Several swol- 
len cells and a few cells in lysis, otherwise not different from the 
control culture. 

Culture with V 32 u. streptomycin; Germination 97 %. A few swol- 
len cells. Growth almost diffuse already after nine days. 

Culture with V 04 u. streptomycin; Germination 96 %. A single swol- 
len cell. Growth diffuse after seven days. 

The cultures were observed for six Aveeks after diffuse growth had 
set in, in order to ascertain whether lysis would occur later, but they 
differed in no way from the control culture. 

With the concentrations of 2, 1, V 2 , V 4 , Vs u. streptomycin the ex- 
periment was repeated on serum-tween-mannitol-sauton-agar without 
glycerine and with bovine serum albumin; the result xvas the same 
except that the control culture, whose germination percentage this 
time was 97, contained no sxvollen cells. 

On comparing the results of the experiments it will be seen that 
in concentrations of 2 and 1 unit per c. c. medium, streptomycin has 
an almost immediate bactericidal effect followed by lysis. 

Concentrations of Vz and % u. have a bacteriostatic effect fol owee 
by lysis. Lysis is not complete, however. 

Concentrations of Vs and Vic u. have a slight, transient me en 

static and lytic effect. • t iv nf- 

Concentrations of V32 and Vei u. have no definite bacterios a 1 

feet; in fact, the effect is almost growth-promoting. 


Penicillin. 

Abraham et al.^ 19il found no effect from penicillin on the 
lus in glycerine broth, highest concentration 40 u. pei c. • 
penicillin was renewed every other day. The inoculum nas < 
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QTYlifii & Emmart®^ 1914, observed no effect from penicillin in glycerine- 
broth and Pvoskauer & Beck’s medium on a virulent human laboratory strain 

“ ZZnuTFoZA S 45 ; Observed no effect from penicillin on a number 
of iycobacteria, including an avirulent human strain, even with conecntia- 

^'^^riedSLVSls! obtained good growth of 20 

tubercle bacilli in the presence of penicillin in an initial slienbth 0 ^0 . 

per c. c. medium, Tyi'ode’s solution containing tissue from embryo chicks. 

Iland^^ 1946, found bacteriostatic effect of 20 to 80 u. of penicillin on 
freshly isolated strains of Mycobact. tub. hominis. An avirulent laboratory 
strain was not inhibited — it destroyed penicillin. Hand employed Iryccs 
method of cultivating on a slide, modified according to Muller. The medium 
was an aqueous extract of Lowenstcin’s medium. 

Ungar & Muggleton=’^ 1946, found that penicillin in low concentrations, 1 
to 5 units per c. c. medium, gave an increased growth of a human, virulent 
strain in liver-extract broth and a modification of Long’s synthetic medium.. 
The effect was due to penicillin and not to impurities. 


Oion inuestigadons. 


Standard peniciiUn, 1510 units per mg., was added to seruin-hveen- 
mannitol-sauton-agar (sauton with % % glycerine, bovine scrum al- 
bumin) to give concentrations of 10, 20, 40 and SO tinits per c. c. me- 
dium. The inoculum was a twelve-day culture from Dubos’ medium, 
Microcultures were prepared in the usual manner, and simultaneously 
a control. The most uniform fields possible were selected in the control 
culture and in the cultures with penicillin, and the cells were observed 
daily. 

Control culture: Germination percentage 95. The cells were normal, 
and there was diffuse growth in the course of twelve days. 

Culture with 10 u. penicillin: From the second day a few large, 
swollen cells, mostly clubs; similar cells \vcre observed throughout 
the whole period of growth; some of them lysed. Some cells not mor- 
phologically changed were also seen to undergo lysis. After eighteen 
days growth ceased, but was scarcely diffuse as yet. After two and 
three months the picture was firaclically unchanged ; compared with 
the control the cells were not so well presented. 

Culture with 20 u. penicillin; The number of swollen and lysed 
ceils was somewhat higher but still represented only a low percentage 
Growth otherwise was as in the culture with 10 u.; there was a slight 
bacteriostatic and lytic effect. 


Culture with 40 u. penicillin: In the first and second days there 
was primary^ growth, the refractive power of the cells increased they 
grew m length and breadth, and fission began. From the third day 
there was distinct bacteriostasis. In the fourth and fifth days there 
were a number of large, club and spindle-shaped, swollen cells; nu- 
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merous cells were m lysis, others weakly retractile. In the lollowiM 
-days there was again more rapid (secondary) growth and small colo- 
nies formed, while lysis continued, during which numerous free m- 
mules gradually appeared. ° 

After eighteen days growth had ceased; there were small colonies 
but nothing like diffuse growth; a number of cells were still in lv.sis 
some of them sivolJen. After two and three months the small colJnies 
were unchanged, but the cells in them seemed to be less well pre- 
served than in the control Lysis was now complete in those cells Ibal 
wmre in lysis and there were myriads of tiny particles from them. 

Culture with 80 u, penicillin: In the first and second day it ivas 
observed that, as usual, the refractive power of the cells had in- 
creased; the cells grew in length and thickness and fission began, Die 
rods becoming curved and forming obtuse angles; on the third day, 
however, almost complete bacteriostasis set in. The cells stopped in 
the process of division, some of them swelling and assuming club, 
spindle or Pezzer-catheter form and becoming much longer, up to 
8 or 9 p.; they had a darker protoplasm and distinct granules. 

By the fourth day most of the cells were distinctly lytic, the process 
being the usual one. The cells became less refraclile, granules were 
more distinct, and finally one observed a weakly refraclile ectoplasm, 
within which lay two to six more refraclile granules. 

Lysis continued during the succeeding four to eight days, though 
a few cells divided, including one or two of the swollen ones (fig. G). 

Nine days later lysis was almost complete; a few large and swollen 
cells remained as well as three or four fairly well-preserved cells as 
survivals of a small colony. These cells then began quickly to divide 
and in the following days formed a fair-sized colony of normal cells. 
Similar cells were seen elsewhere in the slide, and finally macroscopic 
colonies were formed. It was not ascertained whether this secondary 
growth was due to penicillinresistant bacteria or whether the pern- 
cillin at this juncture was entirely destroyed. 

After eighteen days growth in the colonies ceased and the lysis o 
the other cells was almost complete. 

After two and three months the aforesaid colonies were unchanged, 
though the cells seemed to be less well preserved than in the coniro 
slide. The. lysis of the other cells was complete, though their cojitou 
could still he perceived. Myriads of tiny particles were now seen in 
culture. 

The experiment W'as discontinued after three months, a ^ 
planting to Dubos’ medium from the inicrocultnrcs there was “ 
growth after a week in all cultures, but least in the one from 

of penicillin. . , v„„iccn 

Stained preparations were also made according to .ae i i 

•and Gram- . 

When Ziehl-Ncelsen stained there were numerous acifi-m- 
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in all slides as well as a number of granules coloured by Ibc counlci- 
stain methylene blue. In the preparations from the cultures with 40 
and 80 units of penicillin the acid-fastness was decidedly css than 
that in the control; the cells were mostly faintly stained, and the me- 
thylene blue dominated more in these slides. 

When Gram-stained, all the preparations contained Gram-positive 
rods and granules, but those from the cultures with 40 and 80 u. pe- 
nicillin were nothing like so well stained. 

In another, later experiment with serum-tween-mannitol-sauton- 
agar (sauton without glycerine, bovine serum albumin) I tested the 
effect of 1 and 5 units of standard penicillin per c. c. medium. The 


inoculum was from a 14-day culture. 

Control culture: Germination percentage 93. Growth barely diffuse 
after fourteen days, then stationary. Unchanged after a month. 

Culture with 1 u. penicillin; Germination 98 %. Growth otherwise 
as in the control. 


Culture with 5 u. penicillin: Germination 8G %. From the fourth 
and fifth days there was distinct bacteriostatic effect. There were a 
number of large spindle and club-chapcd, swollen cells with darker 
protoplasm and distinct granules. Thereafter growth was more rapid 
and after fourteen days was of the same extent as in the control, hut 
there were still a number of swollen cells, a few in lysis. Unchanged 
a month later. 

When the experiment was discontinued after a month, seeding in 
Dubos’ medium gave growth in every case. 

When Zielil-Ncclsen stained the preparation from tlie culture with 
5 u. penicillin contained a number of coarse, swollcn'cclls, but other- 
wise conditions were the same. 

Using the same medium I tested the effect of penicillin in con- 
centrations of 160, 320 and 640 standard units per c. c. medium, the 
inoculum being from a sixlccn-day culture. 

Control culture; Germination 98 %. Growth diffuse after twelve 
days. Cells well preserved after six weeks. 


Culture with 160 u. penicillin: After primary growth there was 
distinct inhibition and incipient lysis from the second day. However, 
there was still some growth during the next three to seven'days, wliile 
simultaneously lysis increased, numerous cells were largo, 6 to 8 u., 
swollen, spindle and club-shaped with darker protoplasm and promi- 
nent granules. After a month there Avas considerable, but not complete 
lysis. Secondary groAvlh of small colonics was seen here and there on 
the preparation. 


Cultuies with 320 and 640 u. penicillin: In the first day there av; 
primary growth, the refractory poAver of tlie cells increased llu 
groAv in length and thickness Avliilc curving and commencing to for: 
angles. From the second day there Avas almost complete baclcriostasi 
The cells were again less refractile and in distinct lysis. The latter nr. 

Acta path, Vo). XXVI. I 
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ceeded rapidly without cell swelling and was almost complete after four 
days, although in each preparation there was still a small cell qroiip 
with a few wellpreserved cells, whereas all isolated cclh had lysed. 
From the sixth or seventh day there was secondary growth of these 
cells and they grew rather quickly into small colonies. The same 
thing was observed elsewhere in the preparation. Thus isolated cells 
were affected more by penicillin than cells in small colonies. 

The experiment was discontinued after six weeks. Transplants to 
Duhos' medium gave growth in every case. 

When Ziehl-Neelsen stained it was found as before that the peai- 
cillimaffected cells were highly granulated and poorly stained. 

ft is evident from these experiments that penicillin has a bacterio- 
static and bacteriolytic effect upon the tubercle bacillus strain enn 
ployed. The effect was demonstrated right do.wn to concentrations oi 
5 units, but pronounced effect is only obtained with concentrations ot 
SO units and over; primary and secondary growth \s'’as still ohservcrl 
when the concentration was 640 units. 

The effect of 80 units of penicillin corresponded almost to that 
of unit of streptomycin. 


Siilphaihiazoi. 

Smith et al.^", 1942, observed very effective inliibition with sulpbatbia»l 
on tubercle bacilli in concentrations as low as b mg % in glycerine broth. 

K. A. Jensen & I. Kjar^^ 1942, using a modified Lowenstein medium fouiiri 
total inhibition with 5 mg %, partial with 1.25 mg%. Inoculum: lO-k 

Mulleri®, 1944, found good bacteriostatic effect from sulplmthiazol in a 
concentration of 5 rag %; there is some gi-owlh even at 40 mg %. 
equal parts of water and citrate-blood. Modification of Pryce’s metbeu m' 
slide cultivation. 


Own investigations. 

Serum-tween-mannitol-sauton-agar (sauton without glycerine, bn 
vine serum albumin), to w’hich suipbathiazol was added in 
trations of 1, 2,5, 20 and 40 mg % per c. c. medium. ^ 
culture from Dubos’ medium was used for inoculation. Microcui ■ 
in the various concentrations as well as a control culture v,crc 
pared in the usual manner and observed under the .i, 

Control culture: Germination percentage 92. Cel^ norma . 
almost diffuse after thirteen days, then stationary, rc cc 

served after two months. , . n,. Unmniins 

Culture with 1 mg %: After primary growth, n c. 
more refraclile, growth in length and thickness, mcipic 
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with curving and angle-fonnalion in Ihc first and second days, Ihcre 
was some baclcrioslasis from the third day hut sldl accompanied ly 
some growth. Some ceils swelled up and assumed cluli or spindle 
shape, during which tliey increased considerably in size, 8 to 10 ji., 
and they had a darker protoplasm and dislincl granules. Some of these 
cells underwent lysis, others after one or two divisions continued 
growth as normal cells. Growth gradually increased, and after lliirtccn 
days there were small and large colonics, hut there were still some 
swollen ceils, and a few in lysis. Growth after this was only slight. Af- 
ter two months there was a preponderance of small, weakly rcfrac- 
lilc cells. 

Culture with 2.5 mg %: As with 1 mg %. there were distinct hac- 
teriostasis and lysis from the second and third days. The. nninher of 
swollen cells was much greater. Isolated cells were affected most, cells 
in small colonics less so; within a colony the peripheral cells were 
more affected than those more centrally. Growth otherwise as above. 

Culture with 20 mg %: No definite growth. Granular scgmcnUilion 
of numerous cells observed already after one day, and after two days 
numerous cells were distinctly lytic and the process accelerated ra- 
pidly. In most cases lysis took place without change of form, hut some 
cells .swelled considerably in the process. After two or three weeks 
lysis was complete except for a few large cells with darker protoplasm 
and dislincl granules, and myriads of tiny particles were imw seen 
in the preparation. After two months the picture was practically un- 
changed. 

Culture with 40 mg %: No primary growth. Distinct granular seg- 
mentation after one day, rapidly accelerating lysis without morpho- 
logical change. After two or llircc .weeks lysis was complele and llicrc 
were numerous small irregular particles. 

In another experiment 1 tested the effect of concentrations of 5 
and 10 mg %. A fourteen-day culture from Duhos’ medium was used 
for inoculation. 


Control culture; Germination percentage 95. Cells normal. After 
two or three weeks growth slopi)cd, hut was not wliolly diffuse. Aficr 
Iwo months Uie cells were well preserved. 


Culture with 5 mg % ; After primary growth in the first and second 
da.vs, the third day saw complete hactcrio.slasis and incipient lysis. 
'Hie growth of many cells cea.scd right in the process of fission. i\rany 
cells swelled considerably, up to 8—10 p. in length, and assumed club 
-spindle or Pczzcr-calhclcr form; they had a darker protoplasm and 
cUsUnct granules {fig. 7). .Lysis was .slow, and slowest in the swollen 
cells; after two or three weeks there were myriads of liny particles 
After two months there were still a few swollen cells; all* seemed to 
be damaged; those he.sl preserved were in large groups 

Condilions in e„l,„re 


15 * 
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The experiments were discontinued at the end of two months In 
oculation in Dubos’ medium gave growth at the concentrations of l 
2.5 and 5 mg %, but not at the other concentrations. When stained 
as per Ziehl-Neelsen the preparations from the cultures with 1, 2.5, 5 
and 10 mg % were found to contain acid-fast rods, most of’which 
from the cultures with 5 and 10 mg % svere swollen spindle or club- 
shaped, highly granulated and weakly stained. 

These experiments show that in concentrations from 1 to 20 mg% 
per c. c. sulphathiazol has an increasing bacteriostatic and bacterio- 
lytic effect on the tubercle bacillus E^. Concentrations from 20 to 
40 mg % are bactericidal. 

5 mg % sulphathiazol corresponds roughly to unit of strepto- 
mycin. 


Glycerine. 

As a component of media for the cultivation of tubercle bacilli, glycerine 
was introduced by Nocard & Roux*® in 1887. Since then it has been employefi 
in several different media, usually in a concentration of from 2 to 5 %; it is- 
often regarded as a necessary component, and it has been used for separating 
the human and the bovine types (Th. Smidt*®). Lewenstein*^ in 1930 described 
his medium as containing %% glycerine, and later in 1931“ 6%. 

Of these media, K. A, Jensen^®, 1932, found that the former with %% 
glycerine was the better, as the high glycerine addition in the latter medium 
inhibited the growth of the bovine strain. Subsequent studies by the same 
worker^® liave shown that % % glycerine is tlie optimal concentraliou lov 
the human and bovine strains, though certain bovine strains grow best on 
Lowenstein’s medium without glycerine. 


Oinn investigations. 

In my first experiments with serum-tween-mannitol-saulon-agar 

I often observed that in the microcultures there xverc large, club or 
spindle-shaped, swollen cells, some of which underwent lysis, others 
developed into normal cells after one or two divisions. The cause o 
the occurrence of these cells was long a problem to me. 

Hoxvever, I made a comparison of the growth in Huid seriini'twccn 
mannitol-sauton medium with that in Dubos’ medium and ^ 

milar cells in the former; moreover, the number of granules m u 
medium was greater than in Dubos’ medium. Serum-tv>een . 

sauton medium evidently had a bacteriolytic effect on le u 

bacillus. . 

On comparing the content in serum-tween-mannito -sau ® 
dium with that in Dubos’ medium I found that this effect was P*" ‘ ^ 
due to glycerine, which was the most conspicuous di fcrcncc ) 
the two media. 
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Tliat glycerine actually is bacteriolytic for the tubercle bacillus will 

be seen from the following experiment; 

Scrum-twccn-mannitol-sauton-agar was prepared without glycerine 
and also with glycerine in various concentrations. Microculturcs were 
prepared and observed with the microscope. 

First I studied the effect of 2 and 6 % glycerine (the same con- 
eentrations as in Sauton’s medium). The inoculum was a twenty-one 


day culture from Dubos’ medium. 

Control culture; Germination percentage fl8 %. AH cells slender, 
thin, granules not specially prominent. Diffuse growth after six days. 

Culture with 2 % glycerine: The cells as a whole rather coarser, 
some large, swollen, granules more prominent, more rcfractilc, pre- 
sumably on account of greater pigment formation on the glycerine me- 
dium. Growth diffuse after eight da 3 ’S. 

Culture with 6 % gij'ccrine: In the second to the fourth day de- 
finitely little bacteriostasis, the cells large on the whole, a few club- 
shaped, swollen, with darker protoplasm and distinct granules: one 
of the latter Ij'scd, while others developed after one or two divisions 
into normal cells. Granules prominent. Growth diffuse after nine daj's. 

In another experiment the effect of % (the same concentration as 
in Lowenstein’s medium), 10, 20 and 30 % glj'ccrinc was tested. An 
eight-day culture from Dubos’ culture was used for inoculation. 

Control culture: Germination percentage 06. The cells thin with 
non-prominent granules. Growth diffuse after seven days. After ten 
weeks the cells w'crc fairly well preserved. 

Culture with % % glj'cerine: Cells again thin. From the third day 
there were a very few club-shaped, swollen cells, one of which lysed. 
Growth diffuse after seven daj’s, hardly so homogeneous as in the 
control culture. Tlie cells were more refractilc and granules more pro- 
minent as a consequence of pigment-formation. A number of free gra- 
nules gradually appeared. The cells fairly well preserved after ten 
weeks. 


Culture with 10 % glj'cerinc; After primary growth in the first and 
second daj's, during which they became more refractile, they grew in 
length and thickness and fission began with curving and obtuse-angle 
formation ; there were distinct bacteriostasis and incipient lysis from 
the third day. Tire cells were very large, 8—10 g., uniformly swollen 
or in club, spindle or Pczzer-calhcter form, with darker protoplasm 
and distinct granules. 

In the following days there was a verj' slow growth with constant 
swelling, udiile lysis increased; gradually the lysed cells were seen as 
shadows with slightly more refractilc ectoplasm and granules (fig. 8). 

After three weeks, apart from numerous cells in Ivsis and free 
granules, there were still a number of fairly well preserved, slightly 
swollen eel s Some of these, which had lain in a small colony, now 
began rapid dmsion and secondary growth, and in the course of the 



198 


next fortnight or so they grew out into rather large colonies coiisisling 
of fairly large, 4 — 8 fi.., evidently glycerine-resistant cells. Similar cells 
were seen everywhere in the preparation, while at the same lime Ihc 
lysis of the other cells continued and became almost complete. 

After ten weeks there were colonies of resistant cells, numerous 
cell shadows, and in between them tiny particles as well as a few- 
swollen cells. 

Culture with 20 % glycerine: No primary growth. Bacterioslasis 
and incipient lysis observed after one day. Simultaneously with in- 
creasing lysis there were after a few days a few slightly swollen cells 
with darker protoplasm and distinct granules. These cells lysed al a 
slower rate than the others. After three or four weeks there were nu- 
merous tiny particles as signs of disintegrating granules. 

After ten weeks lysis was almost complete, though there were still 
a few swollen cells. 

Culture with 30 % glycerine: At this concentration there was com- 
plete bacteriostasis already in the first day. Lysis proceeded without 
the cells sw'elling. After two weeks there were numerous small par- 
ticles, and lysis wms complete after three or four wrecks. 

Ziehl-Neelsen staining at the end of the experiment: Control cul- 
ture and % % glycerine: Numerous acid-fast rods. 10 % glycerine: 
a few acid-fast rods, some large, swollen and highly granulated, nu- 
merous rods and granules stained by methylene blue. 20 % glycerine; 
a very few acid-fast rods, other-wise granules and amorphous material 
stained by methylene blue. 30 % glycerine: No acid-fast rods. Granules 
and amorphous material stained by methylene blue. 

The experiments showed that glycerine in high concentrations, 20 
to 30 %, has a bactericidal effect on the tubercle bacillus Ej. Lower 
concentrations are bacteriostatic and bacteriolytic, distinctly so in 
concentrations 6 to 10 %, but the effect is demonstrable right dovn 
to % %. 

10 % glycerine induces morphological changes almost correspond- 
ing to the effect of 14 unit streptomycin. 

On comparing these observations with the diphtheroid rods, 
corpuscules and fungoid cells found by Reensljcrna*') and I o 
slr6m^=) in glycerine broth, one wonders whether these forms arc no 
merely morphological variants of the tubercle bacillus produced unfcr 

the influence of glycerine. . 

The glycerine-affected, large, spindle-shaped, swollen luherclc x- 
cilli which I have described above are very like yeast or oidium ce_ 
and quite like bacilli which I have found in deep cultures ot 14 i 

4 % gljxerine broth (and also in fluid scrum-tw’cen-mannilo -sau o » 

which contains 6 % glycerine), just as I have been able -in 
days after transplantation to demonstrate by 
non-acid-fast, highly granulated (diphtheroid) rods stained )y 
thylene blue. 
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Discussion. 

A comparison of llic effects of the various substances tested (strep- 
tomycin, penicillin, snlphatlviazol and glycerine) on thus particular 
strain of tubercle bacillus shows that these effects arc fiindamcn a y 


^^"'’su-ong concentrations of the substances cause bactcricidi follo\v^ed 
by lysis, without special morphological changes in the cells, except for 
the morphological changes that always accompany lysis. 

In lower concenlralions the substances induce bactcriostasis and 
bacteriolysis, accompanied bj’ considerable morphological changes, 
swelling and changes of form in the cells. Tlic greatest morphological 
A’uriations result from those concentrations which .iust permit of 
growth or allow slow growth under unfavourable conditions. 

What is the nature of the effect of the low concentrations on the 
growing cell? The higher concentrations cause the direct killing of 
the bacilli. 

For penicillin it is stated, inter alia by Fishcr\ 1946, that an in- 
fluence is brought to bear upon the fission mechanism of the cell, an 
influence on one or other phase in the cell metabolism; as evidence of 
this Fisher points out that penicillin is most effective on the rapidly 
growing organism, whereas it does not affect bacteria in the resting 
phase. 

That the fission mechanism is affected is clear from my experi- 
ments, in which the cell growth was often seen to stop midway in the 
process of division. 

Then how is the fission mcclianism or metabolism affected? In 
experiments with microcullures in which access of air to the cultures 
was prevented by a special device, I have seen exactly similar mor- 
phological changes to those produced by antibiotica and glycerine, and 
therefore I considered it likely that these substances affect cell respi- 
ration. 


The following is a brief description of an experiment of this kind: 
Seruin-tween-mannitol-sauton-agar was inoculated witli a fourteen-day 
culture from Diibos’ medium, and a microculturc was prepared. Air 
was prevented from entering by placing a cover-glass on the underside 
of the agar block and scaling it airtight with molten paraffin to the 
cover-glass on the upper side of the block, tlie cover-glass which forms 
the ceiling of the chamber. A control culture was also prepared. 

Control culture: Germination percentage 92. Cells normal. Almost 
diffuse growth in the course of eighteen days, then stationary 

Culture sealed from air: During tJie first and second days the cells 
became more refractilo, they grew in length and thickness, and fission 
commenced with the rods curving. In the third and fourth days there 
was bactcriostasis and incipient lysis; numerous cells had ceased to 
grow midway in the fission process, they swelled up, there were club 
spindle and Pczzcr-catheter forms, the swollen cells were large 6—8 ’ 
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had darker protoplasm and distinct granules (fig. 9). Lysis increased 
rapidly during the succeedings days. 

After two or three weeks there were numerous lysed cells and also 
a number of swollen cells. 

After three months the picture was practically unchanged, (hough 
the surviving cells were weakly retractile. Lysis was not complete, 
oxygen being necessary for this process. Growth was obtained on 
transplanting to Dubos’ medium. 

The morphological changes induced by a reduced supply of air 
(O 2 ) (the supply of air is not wholly interrupted, as the agar contains 
air) were the same as those observed from the influence of small 
concentrations of streptomycin, penicillin, sulphathiazol and gh'cerinc. 
The natural assumption therefore is that the effect of these substances 
is due to influence on cell respiration. 


Summary. 

The normal growth of a human tubercle bacillus strain was ob- 
served in microculture, directly under a cover-glass in a moist cham- 
ber on serum-tween-mannitol-sauton-agar. It is pointed out that re- 
production proceeds by means of transversal fission. Branching occurs 
very rarely. Granules arise from the autolysis of the rods; they do not 
develop again into tubercle bacilli. 

On the strain employed, streptomycin in concentrations of 1 to 2 
units (1 unit = 1 ;ig) per c. c. medium has a bactericidal effect. Con- 
centrations of % to % unit are bacteriostatic and bacteriolytic. Lysis 
proceeds accompanied by swelling and changes of form in the cells. 
Lower concentrations, Vio to Vs unit, have little bacteriostatic and 
bacteriolytic effect. 

Penicillin is bacteriostatic and bacteriolytic. The effect is not con- 
siderable below 80 units, but it can be demonstrated down to 5 units. 
Lysis proceeds accompanied by swelling and formchanging. Primarj 
and secondary growth still occur at a concentration of 640 units. ^ 

Sulphathiazol is bactericidal in concentrations of 20 to 40 mg /o. 
Concentrations of 1 to 10 mg % are bacteriostatic and bactcrioljli^ 
At these concentrations lysis proceeds accompanied by swelling .nn 
form-changing. . 

Glycerine is bactericidal in concentrations of 20 to 30 %• At /.i n 
10 % it is bacteriostatic and bacteriolytic; here again lysis proceets 
accompanied by swelling and form-changing. 

As similar morphological changes can be produced by a re ucc 
supply of air (Oo), the author considers it probable that the c cc 
of these substances is due to an action on the respiration of the cc s. 
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Fig. 2. 

Normal cells immediately after inocula- 
tion. The cells are faintly refractilc 
with slightly rounded ends and not 
very prominent granules. 



as fig. 2). Lively fission, partly with 
angle-formation. Incipient colony form- 
ation. The free granules unchanged. 



as fig. 2). Tlie cells more refractilc and 
have grown in length and thickness, 
some having curved. Granules more 
prominent. Fission commencing, ac- 
companied by angle-formation. 
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Fig. 5. 

Culture with % unit streptomycin 
after five days. Numerous large swol- 
len cells with darker protoplasm and 
distinct granules. Some cells (punc- 
tate; actually they are seen ns a row 
of granules surrounded by a faintly 
refractilc ectoplasm) in lysis. 
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Fig. 6. 

Culture with 80 units penicillin after 
five days. A number of large, swollen 
cells with darker protoplasm and pro- 
minent granules. Numerous cells in 
lysis. 



Fig. 8. 

Culture with 10 % glycerine after 13 
daj's. Numerous swollen cells of var- 
ious shapes with darker protoplasm 
nnd distinct granules. iWany colls in 
lysis. 



Fig. 7. 

Culture with 5mg% sulphathiazo! 
after five days. Numerous large, swol- 
len (club, spindle and Pezzer-catlictcr 
shaped) cells. Some cells in lysis. 



Fig. 9. . 

Culture sealed from air, after eig' 
days. Numerous swollen cell." e 
some colls in lysis. 
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ELECTRON MICROSCOPE STUDIES OF BREAST- 
CANCER EXTRACTS OF MICE.-) 

By Johs. Dossing, Hans Fr. Hclw eg -Larsen and Hans HaUhcU Sorensen. 

(Received for publication October 12th, lf>iS.) 

Bittner’s studies on a cancer-inducing factor in milk and different 
tissues of mice belonging to high-brcast-canccr strains, together with 
Bannim, Ball, Bittner & Visscher’s experiments on the biochemical 
and physical properties of the factor has inspired Pas.scij, Dmochoio- 
ski, Asibury & Reed to use electron-micrography in order to .show the 
factor as particles. 

Using extracts of laclating breast tissues and of breast tumour tis- 
sues of high-cancer strains, the last-mentioned authors found approxi- 
mately spherical particles of .about 200 A in diameter. Extracts of lac- 
tating breast tissues and tumours induced by methylcholanthrcnc from 
mice of lower-cancer strains were found to be free from such particles. 
Graff, Moore, Stanley, Randall cC* Haagensen found similar conditions 
in milk of a high- and a low-cancer strain of mice, and these results 
were later verified by Pa.ssey cl al. 

In order to confirm the observations of Passey cl al. in our high- 
breast-cancer strain (dlb, dilute brown) and in our low-cancer strain 
(B, a strain with recessive pituitary dwarfism) extracts of tumour 
tissues and normal l.actaling breast tissues were prepared after Pas- 
sey’s method with minor modifications: Dried tissues were treated with 
petroleum ether, extracted with distilled water, treated with trypsin 
for 30 min. at 38® G., and centrifuged for 15 min. at a speed equivalent 
to 3000 times gravity. The supernatant fluid was examined in the 
electron microscope. 


*) Tlie preparation of extracts w.as performed in the Biological Institute of 
the Carlsberg Foundation, Copenhagen (Chief: A. Fi.scher, M. D.). Messrs. R. S. 
Page, C. I., and Sv. Dossing, C. I., have kindly rendered us technical nssis- 
hance and lent us the electron microscope (Metrovick EM 3) durimr tbe 
British Exhibition in Copenhagen 18/9 — 3/10 1918 ^ 
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Fig. I. 


Results: All breast tumour extracts from bigh-cancer mice were 
found to contain spherical particles, shown in Fig. 1. The magnifica- 
tion is about 15,000 times, and the size of the particles varies from 
200 A to 900 A. Extracts of lactating mammary tissues from norma! 
low-cancer mice were either found to be free from such particles, or 
corpuscles identified as contaminations were seen. Only one of 20 
control specimens showed corpuscles similar to the particles in tumour 
extracts, but somewhat larger (Fig. 2). 



Fig. 2. 
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FLUORESCENCE STUDIES ON CARCINOGENS DIS- 
SOLVED IN POLYETHYLENE GLYCOLS 

By Kni ScUila. 

(Received for publication September 25th, lOiS.) 

The localization and distribution of cntancously applied carcino- 
genic hydrocarbons in the living organism have been studied during 
recent years. These investigations have been especially based upon 
the fluorescence of the carcinogenic hydrocarbons: the number of 
publications concerning this subject is, however, comparatively small. 
It became evident, already in the early work on carcinogenesis, that 
the nature of soh^ents played an important role in the results obtained. 
Since the carcinogenic hydrocarbons are nearly insoluble in water but 
soluble in organic solvents and oils, in the fluorescence studies — on 
skin carcinogenesis — certain fat solvents (benzene, chloroform, ace- 
tone, etc.) have been employed. 

However, it would he valuable, in some eases, if carcinogenic hy- 
drocarbons could be applied in various solvents, both volatile and non- 
volatile, which had different chemical cjualitics. In that way it should 
be possible to gel further information as to how the carcinogenic hy- 
drocarbons act in skin carcinogenesis. 

Since 194.') the writer has made experiments concerning the histo- 
logical localization and distribution of carcinogenic hydroc.arhons in 
living cells. The question of whether it would be possible, directly or 
indirectly, to show if these compounds act at a certain phase of the 
nuclear cycle was especially interesting. 

In another connection the writer has ])rcsenlcd some ])rcliminnry 
observations on tumour production brought about by using certain 
polyethylene glycols as solvents and sprc.adcrs for aromatic carcino- 
genic hydrocarbons (13). Here we only refer to the paper mentioned 
above. The present paper gives an account of the fluorescence studies 
earned out, using »Carboivax<^ 1500 (trade mark for certain polv- 
ethylene glycols) and dioxane (diclhcr of glycol) as solvents and ear- 
ners for the carcinogenic hydrocarbons. 

Act.! path. Vol. XXVI, 2 

13 
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■Review of literature. 

Concerning the solvents used in the present ^vork, the witer, as 
far as he knows, is the only one to have used these compounds as car- 
riers for carcinonegic aromatic hydrocarbons (11, 12, 13). 

Mitchell and Hamner (10), for instance, used pol3'ethyIene glycols 
as carriers for certain growth-regulating substances on kidney bean 
plants. These compounds readily dissolve the substances inontionwl 
and serve as efficient spreaders when in aqueous solutions. 

Wilson, DeEds and Co.r (18) when studjdng the carcinogenic 
activity of 2-acetaminofluorene, dissolved the carcinogen in propylene 
glycol. They mentioned that this glycol may in itself have carcinogenic 
potency also: leukemia developed in a number of rats given propylene 
glycol subcutaneo^sl 5 ^ This substance and related compounds have 
been studied somewhat extensively and have not been con.sidercd in 
be very toxic (7, 8, 16). 

As far as the writer is aware no previous work has been rcporlcii 
on the localization, in skin carcinogenesis, of fluorescent carcinogenic 
hydrocarbons dissolved in polyethylene glycols. Miller and Bauman (D) 
when studying the factors that alter the fluorescence of hydrocarbons 
(in solutions) mentioned that the fluorescence was most inlen.sc in 
dioxane and in some other solvents. They, as well as Weil-Malbcrhc 
(17) who also used glycol, say that the chemical composition of a sol- 
vent has no relation to the intensity of fluorescence of hydrocarbons 
dissolved in it, but this was dependent upon the aerated solvent in 
which the hj'drocarbon was dissolved. To this as well as to certain 
problems related to it we will return in another connection (3). 

Concerning the actual histological localization of the carcinogenic 
hj^drocarbon in mouse skin, Graffi (4, 5, 6) was apparently the first 
to use the fluorescence microscope technique to sludj’ the accunmlalioji 
of carcinogens in living cells*). 

Summarizing the investigations in which benzene or acetone ba\c 
been used as solvent and carrier of carcinogen : 

(7) Fluorescence of the normal untreated mouse sldn; this fUwr- 
cscence is very weak in general, but sufficiently evident that one cna 
readitj' identify the major structures within it. The upper poilion o 
the cpitheJinin has a very intense fluorescence of a deep blue ^^*”**|' 
The same blue fluorescence is seen in the epithelium of the hair o 
ides and the sebaceous glands. The fluorescence of the suhculancoiis 
fatty' tissue is very' weak. Some fat appears to have no fluorescence a 
all and other droplets vary' from blue to green, etc. (6, 14, la)- 

(2) Immediately after the first painting: a hluc-violel fluorcsceiu'c. 
usually less brilliant than that of the sebaceous gland.s, is cncountcrcf 
in some of the fat cells. 

‘) The writer did not have (fie strongly fluorescent bonzpyrinie. necatv' 
of this, both in tin's review and in the present rcjiort. the exael lota i 
of the careino.gen in flic ti.ssue is not discussed. 
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iS) Animals killed up lo 24-48 hours afler painling: the general 
appearance, in general, the same as in the foregoing paragraph. 

The only change ajipears in the distribution of hluc-violcl fluorescence 
in the subcutaneous fat (14. 15). After about 24 hours .some fluor- 
escence is usually apparent throughout the fatty layer, H^ough the 
superficially situated cells arc at that time still the most hnlhantly 
fluorescent. 

(4) Animals killed after two to six days: the fluorescent tat cells 
tend to become evenly distributed throughout the cell-layers and at 
the same time become gradually less brilliant. 

(a) Animals killed after multiple paintings: the carcinogen passes 
directly into the cytoplasm, hut not into the nuclei (1, 2, 4, 5, 6, 14, 
la). — Epithelial cell permeability is apparently significanlly modi- 
fied by such an exposure, so that the carcinogen in its lipid solvent 
can now enter freely. A previously untreated epidermis has never 
been seen to lake up fluorescent material dirccllj'. After multiple 
paintings a slow diffusion takes i)Iacc into deeper fatly layers, from 
which it fades slowly (14. 15). 


Material and Methods. 


The group of animals used in this work included api)roximatcly 
100 mice of mixed strain. Carcinogen was applied as a paint or in 
drops, and the animals were killed at intervals of from a few mi- 
nutes lo five days after the first and repeated treatment respectively. 

As solvents the following substances were used: 

(7) reagent grade acetone (Merck, Darmstadt). 

(2) »Carbowax« 1500 (Carbide and Carbon Chemicals Corporation, 
N. Y.), and 

(5) dioxane (L. Light & Co., Ltd., Wraysbiiry, Middx.). 

As aromatic carcinogenic hydrocarbons the following compounds 
(Eastman Kodak Company, Rochester, N. Y.) were used: 

( 1 ) 20-methylcholanthrene, 

( 2 ) 1 .2.5.6-dibenzanthracene, 

(.?) 9.10-dimethyl — 1.2-benzanlliracene, and 

(4) 1.2-benzanthracenc. 

The application of carcinogen was as drops in the cases of dioxane 
and acetone (0.3— 0.5 per cent of carcinogen), and by painting with 
nnmelied »Carbowax« 1500 (0.25—1.0 per cent of carcinogen). 

Tlic tissues were fixed in a 10 per cent solution of neutral forma- 
lin, and cut on the freezing microtome at 10 to 20 microns thickness 
Sudalrm”'"' P^'^P'-^^-^tions was stained with ordinary stains and/or 


The preparations were studied with 
type Reichert Lux U 4". 


a fluorescence microscope. 


15 ’ 
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Results. 

Fluorescence of the normal mouse skin. — Concerning the fluor 
escence of the normal, untreated skin, nothing new was noticed in 
the present work compared with the review of the literature 








Fig. i. 

Fluorescence of mouse skin 40 minutes after painting with 0.25 per cent 
methylcholanthrene dissolved in »Carbowax«. TJie horny layer as well as 
the sebaceous elements have a very strong pale-blue or dark-blue tluovcsccn- 
ce. The lowest layers of the epidermis, on the contrary, have bluc-vio!et 
fluorescence. No fluorescent material observable in the nuclei. 

Fluorescence after a single application of carcinogen. — (a) Dioxanc 
as solvent: on using this substance as solvent and carrier for hydro- 
carbons, the microscopical picture resembled that when acetone is 
used as solvent instead of dioxane. The fluorescent material accumu- 
lated (immediately after the application) in the horny layer of ihc 
epidermis and in the sebaceous glands and their contents. The colour 
of the fluorescence in the organs mentioned was pale-blue and (he 
intensity of the fluorescence was very strong. The nuclei appeared as 
optically empty spots in the sebaceous elements. The subculancou.s 
fatty tissue was not, in general, stained by the fluorescent materia 
used when investigated a short time after application. Only a er 
1 to 2 hours one could observe fluorescent granules in the .stibcu a 
neous fatty lay'er. When stained with Sudan III it appeared that ir 
fluorescent substance (i, e., changed or unchanged carcinogen) la' 
been distributed in about the same fashion — in general in the hp'f^ 
material — as the fat slain used. The microscopical appearance vus 





228 


about the same as when acetone had been used as solvent for [he 
carcinogen. 

(b) »Carbowax« 1500 as solvent (without melting it before puint- 
ing) : when this organic compound (at the same time non-volalilc and 
readily soluble in water) was used as solvent and carrier for the car- 
cinogenic hj'drocarbons, the microscopical appearance was a liltlc dif- 
ferent. Using e. p., 0.25 per cent methyl chol an threnc as carcinogen 
the histological figure was as follows (Fig. 1 gives an illustrative 
example of this) : in the first place, there w’as about 40 minutes afler 



The same preparulion, unstained section, pliotographcd in ultraviolet 
the application no crystalline hydrocarbon 

(but all the carcinogen seemed to have been diss superficial 

The intensity of the fluorescence was very as 

horny layer of the epidermis and m the sebaceous c 
in the most superficial layers of the f ^,/;:Cviolci 

colour of this material was palc-hluc to of affairs 

or violet. An early change - Ihns dtffermg lo^ 

when using acetone or dioxanc as soKent i fluorescent 

calization sometimes appeared in the „ offer f/ic «/'' 

material in all layers of the cpulcrnns n rent y •'* ' ' cpidcrinis 

plication of the earcinoyen. Even the Ja,<. Tl-c 

showed blnc-violel fluorescence, though ‘ ^ • carcinogen, 

nuclei were, however, optically empire It , ,, 1,1 cells, 

dissolved iu .Carhowax<c 1500, could now 

the intorccilular spaces and other elements c ] • _ (n) 

Fluorescence afler repealed application of • ^,,,,, 1 . 

Dioxane as solvent: the microscopical 

as in the case of acetone as solvent for the hydrocarbon. 
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(fc) »Carbowax« 1500 as solvent; mice killed immedialelj’ or a few 
minutes after the last application of carcinogen dissolved in this com- 
pound showed yellow-green fluorescence at the surface of the epider- 
mis (i. e., crystalline carcinogen). One conspicuous fact was that the 
sebaceous glands Avere, in general, well comparatively preserved after 
about three to six days from the beginning of treatment. 

Figs. 2, 3 and 4 give an illustrative picture of the conditions in the 
epidermis and in the other tissues after three successive applications of 
1.0 per cent methylcholanthrene dissolved in »Carbowax« 1500. The 



Fig. 6. 

Mouse skin photographed in ‘dissolved rn^a^cetone. 

of the animal. 0.5 per cent methylcholanthrene dissol\ea 

skin of the mice was painted without melting ^ 

applied. Fig. 2 represents an unstained “^incd’wilh 

Fig. 3 was photographed after the same seclio positive ma- 

Sudan III. This figure shows the f not ^ ^0 Mowing 

terial in the skin. Comparing Fig. 4 with the f g g. 
details are notable: at the surface of carcinogen- 

few hydrocarbon crystals compared with those seen 
acetone treatment. The horny layer of le epi er fluorescence, 

amount of material which has a pale-blue or doA-blue uu 

The fluorescence of the sebaceous The superficially 

served — has about the same colour and nuorcsccnl 

situated fatty droplets in the subcutis have ‘^^^j^ur. On the 

material of pale-blue and/or dark-blue f uo .j fjje deeper 

other hand, the deeper layers of the ^ J blnc-viold or 

layers of the subcutaneous fat have a fluorescence o bU. 
violet shade. As in the case of a single application (-see g 
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nuclei appeared as optically empty spaces after the third painting 
also. Fig. 5 represents a higher magnification of mouse skin treated 
with methyl cholanthrene dissolved in »Carhowax« 1500. 

In Figs. 6 and 7, taken after the death of the animals painted 
during life, it is obvious that the localization, intensity and colour of 
the fluorescent material are about the same both using »Carhow'ax« 
1500 (Fig. 7: 1.0 per cent benzanthracene as carcinogen) and volatile 
acetone (Fig. 6: 0.5 per cent methylcholanthrene as carcinogen). The 
microphotographs are taken from an unpublished paper by the writer. 



Fig. 7. 

1.0 per cent benzanthracene dissolved in »Carbo\vax«. Other factors the same 
as in Fig. G. (Note the same distribution of the fluorescent material in those 

figures.) 

The exact intracytoplasmic localization in the tissues of the carci- 
nogen dissolved in polyethylene glycols is not described here. In the 
literature there are differing opinions concerning the phenomenon 
mentioned. To this problem we will return in another connection. 


Summary. 

• Certain polyethylene glycols (»Garbowax« 1500, and dioxane) have 

, “0 for carcinogenic hyZcarbo"° 

L “'^c'Mlantlireno, 1.2.5.6-dibcnzanthraconc, 9.10-dhnclhvl-l 2 
benzanthracene, and 1 . 2 -benzanthracene). aimetlij 1-1.2- 
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On using dioxane the microscopical 
about the same as in the case of acetone. 


appearance seemed lo he 


When the non-volatile »Carhowax« 1500, which is readily .so!iil)lo 
m water, Avas used as carrier the carcinogen presumahlv to pcnne-ite 
the tissues as easily as the carcinogen dissolved in volatile acetone. ' 

After three successive paintings with carcinogen dissolved in 
»Carbowax« 1500 the fluorescent material was observable in all sub- 
cutaneous fatty alyers also. The superficially situated fatty droplets 
had a pale-blue and/or dark-blue fluorescence, and the droplet.s of the 
lower layers a blue-violet or violet colour. 
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SEROLOGICAL STUDIES ON GONOCOCCI. II. 

CROSS-ABSORPTION EXPERIMENTS AND FACTOR SERUM 

DETERMINATIONS. 
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In Sections 1 and 3 of the preceding paper, a description is given 
of the technique employed in complement-fixation tests and absorp- 
tion experiments. It is pointed out that absorption is required for dif- 
ferentiation of the gonococci into »types«. As the preliminary cross- 
absorption experiments had not yielded two serologically identical 
strains, it seemed obvious to investigate first the possibility ns to 
whether or not serologically identical strains really exist. To begin 
with, rabbit sera were used for these experiments and later guinea- 
pig sera. 


1. Preliminary Experiments with Strains which, according to f/icir 
Origin, might be expected to be Serologically Identical (Rabbit Sera}. 

Such strains might chiefly be found by making repeated cultures 
from the same patient or from a series of contacts. Further, a condi- 
tion for the reliability of the type diagnosis of a given gonococcus 
strain (and for epidemiological serviceability of the diagnosis) woul 
naturally be that strains isolated successively from the same paticn 
would prove serologically identical. Also strains from two or more 
patients in a ^chain infection« (series of contacts) should rcsciulie 
each other, but even this contingency implies some factors of un 
certainly. 


Previous investigators liavc not occupied thcm.scives very 


miicb 


Ji LV/J O - , 

with the question of the identity of strains which, according to ici 
origin, presumably .should be identical. Vollmond (102.1) mcntioncf^ 
that strains from married or courting couples, or sibs, were alnajs o^ 
the same type, but be fails to state bow many strains in this catCr,or. 
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he has actually examined. He further states that he has ncvei foun 
two quite identical strains. Athin (1925) examined 6 pairs of strains 
isolated from the urethra and cervix of the same patient, and foun 
5 pairs to he identical, whereas one pair showed two different types 

from the urethra and from the cervix. Finally, Uroma (1043) states 

that two strains from a married couple were serologically identical. 

Therefore, a number of strains in the above-mentioned category 
were collected, viz. 6 »cliain infections« (15 strains from 14 patients) 
and 50 »sets of strains« (120 strains from 50 patients). The chain 

infections were designated as A, — A,, B, — Bj while the sets 

of strains were labelled la — Ih, 2a — 2b — 2c, 3a — 3b 

The antigens corresponding to a certain chain infection comprising 
4 strains appeared to he particularly toxic to rabbits, and the titres 
obtained in the survhnng animals were strikingly high. 

Torrey (1908) found gonococcal strains to differ greatly in toxi- 


city. 

Vollmond (1923) claimed that he had been able to demonstrate 
that strains giving the highest titres were the most toxic. The present 
experiments thus appeared to confirm the experiences of Vollmond. 

Fourteen out of seventeen sets of strains (i. e. 82 %) proved, on 
cross-absorption, to be made up of identical — or almost identical — 
strains. In 4 of the »chain infections«, the strains were found to be 
identical, while two of the chains consisted of serologically different 
strains. An example of this is seen in Table 3. Here strain 36a is seen 
to be serologically identical with strain 36d, but different from strain 
36b, which is identical with 36c. The letters a — b — c — d give the 
sequence of the isolation of the strains, 36a being the first and 36d 
the last strain isolated. 


Altogether IS series of strains (6 chain infections and 12 sets of 
strains) were examined by cross-absorption tests without preliminary 
treatment of the absorbing antigen with guinea-pig serum. In 11 of 
these series (i. e. 61 %) one or often more sera were rendered anti- 
complementary by absorption. 

Thus, with the technique here employed, it was not practicable 
to shoiV that strains isolated from the same patient (^Yithin the same 
period of illness) are alwaj’s identical. 

2. Experiments with Factor Sera (Rabbit Sera). 

For several years, the so-called ^factor scra« have been employed 
or determination of the antigenic structure in Salmonella diagnosis 
(Kauffmann 1938). 


*) Most of these strains were collected by means of the 
fections kept at the Rigshospital, and thanks arc due to 
thausen for perrhission to make use of this index 


card index of in- 
Professor E. Hax- 
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Table 3. 

Set of 4 Gonocorr.il. << Siram.s- examined in Cross-absorption E-rpcrimrnls. 

Absorbing antigen treated preliminaidly witii; 1) inactivated guinea-pig sormii- 

2) twffcv saline. 

•) 2 rabbits per strain, pooled sera. 


Antigen 


Nou-abs. scrum*) 
Serum ab.s. ndtij 


Xon-ab-s. serum 
Scrum abs. with 


Xon-abs. serum 
Serum abs. with 


Xon-abs. scrum 
Serum ahs. with 



36 a 

361) 

30a 

12 

9 

.30a 

0 

0 

.36b 

/ 

0 

.36c 

(1? 

0 

36fl 

0 

0 

30)j 

12 

II Vs 

36a 

0 

0 

36b 

Q 

0 

36c 

0 

0 

.36d 

0 

0 

36c 

111/. 

10 

36a 

1) 

0 

.361) 

0 

0 

3Cc 

0 

t) 

3{)cl 

0 

0 

3(k[ 

15 

It) 

.30n 

0 

0 

30)) 

S () 

0 

30c 

>6 

0 

30(1 

6 

0 

■ ai)sovption experimeuts: 

different from: 


30 c 

9 

0 

0 

0 

0 

10 

0 

0 

0 

0 

II 

t? 

I) 

0 

0 

10 

0 

0 

0 

0 


12 

0 

2 

1 

0 

i;i 

0 

I) 

!) 

0 

10 

0 

0 

0 

0 

(;i 

0 

go 

go 

0 


Seriini- 

conlrol 

0 

0 

0 

0 

U 


(I 

f) 

0 

0 


{I 

0 

0 

0! 


By the term r factor 

rum, the antibody content of "1’’^ ” Vpeci/m dingnosiic serum 

of cross-agglutination cxpcnmenls. ^ 

is obtained instead of the .non-specific unabsorbed - 

Examination of a strain l.mligcn) factor far- 

called •.. factor determination* or (Morcb t'-'l.'b 

,„ulac. In Salmonella and pneumococcus p, (iu- 

the term .factor* is aiiplicd to term* ^fuctor^ will hr 

antihody components. In tbc present ' « ^ eoniponcnts will h- 

used in a slightly different way: hero ^ .omponeds h.v 

designated by means of small iellers. and unfibod.; 
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means of capitals. 'I'hc term >^faclor« will lie applied only lo Ihc anti- 
body contents of sera. . 

The aforementioned cross-absorption experiments sbo^^ed that it 

was difficult to determine the antigenic structure of gonococci, le- 
cause, among other reasons, many of llie absorbed sera lioeainc anli- 

complcmentary. . r <■ i 

Therefore, an attempt was made to produce some sort of r lacloi 
sera«, — i. e. absorbed sera -- which were known from experience not 
lo be anlicomidementary. and which possessed a certain imlency, ])re- 
ferably not under fi degrees of iiolency t2 test tulics positive) as 
measured with the corresponding homologous strain. 

The antibody content of some of these factor sera was known lo 
some degree from cross-absor)>lion exjierimenls; olhers were chosen 
for the above-mentioned reasons. 

Some preliminary experiments showed that strains which, accord- 
ing lo their origin, ought lo he identical showed, as a rule, the. same 
^factor formula*, while other strains — • selected al random - were 
all different. Several of the latter strains, however, were found lo have 


factor formulas of a >'typc« similar to several of Ihe sets of strains. 
Cross-absorption cxperimenls performed with strains having . uni- 
form* factor formula gave only 2 identilics. viz. set 2ah — strain 
12954. and set 4ab = strain C. 

From a number of experiments with more than 100 strains selected 
at random and 11 rfaclor sera*. 5 y factor sera* were chosen (11. 111. 
V, VI, IX) which met the following reipiircmenls: 


1. High percentage of agreement between two delenninalions. 

2. Not too many weak positive or doubtful negative reactions. 

3. Strains corresponding lo the immunising and absorbent antigen 
dried ad modum Flosdorf-Miuld, as Ibis method of storing was 
considered al liial jicriod superior to storage in semi-fluid agar 
covered by liquid i)araffin. 

4. No (or only slight) anli-complemenlary tendency. In addition, 
it seemed expedient lo employ factor sera with differing, but 
definite, jierccnlagcs of })osilivily. 


Using 5 factor sera, there arc 2'^ = 32 possible types if the factors 
are combined freely. Actually, 27 ytypes* wore found — 9 of them 
with only one rcprcscnlative. The slypes* could be established onlv 
with some difficulty, small deviations being left out of consideration 
The strains examined included 88 y.scls of slr.-iins* and only {5(5 r* 
of these were identical within each set of strains. Tins was a slrikinglv 
low percentage of identity. In particular, factor sera V and IX showed 
relatively wide deviations. 

Comparison between the results obtained with factor determination 
and with cross-absorjition ex])erimcnls for 17 sets of strains showed 
fairly good agreement between the two methods. However two sets 
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-were found to differ after the factor serum method, -ivhile they were 
alike after the absorption method. 

3. Introductory Experiments with Guinea-pig Sera. 

Although, as mentioned, the anti-complementary tendency of nb- 
sorbed serum could be abolished — completely or partially ~ by pre- 
liminary treatment of the absorbent antigen with inactivated guinea- 
pig serum, some other method was desirable for this purpose, because, 
among other reasons, the above-mentioned method was too laborious. 

Another important fact was that numerous »normal« rabbit sera 
reacted with gonococcus antigen. Therefore, only animals with a nega- 
tive gono-reaction vvere used for immunisation. However, ibis did not 
ensure against the formation of ?>non-specific« antibodies during the 
process of immunisation. 

If these »non-specific« antibodies only corresponded to the antigen 
common to all gonococci, they would not play any role. However, 
this vvas a question about w’hich nothing was yet known. As already 
mentioned, subsequent experiments showed that the antibody found 
in »normaI« rabbit sera corresponded to the antigen which is common 
to all gonococci. 

It seemed obvious then to try immunisation of guinea-pigs instead 
of rabbits. It was further found that the former very seldom gave a 
?) spontaneous « gono-reaction. 

Some preliminary experiments showed that good s>remaining rcac- 
tions« could be obtained after absorption of undiluted guinea-pig sera, 
as a rule without an anti-complementary tendency. However, later on 
also anti-complementary sera were encountered occasionally after this 
treatment. 

The technique of injection vvas as follows: — 

The guinea-pig vvas »heated« in an electric heating box (>mousc 
box«) in order to obtain congestion of the car veins. Then Xylol was 
applied to the car veins, this being also to promote congestion. Finally, 
the animal’s head was immobilised by means of a special holder o 
the same kind as that used for rabbits. 

An assistant then placed and secured the guinea-pig on ° 

the beating box, so that the washed car was illuminated from >c nw 
by one of the bulbs in the box, through a hole in the lid. The injee >on 
was performed with a hes'elled, reinforced hy'podcnnic needle • °- 
20). After a little training, it .soon became almost as easy to intra- 
venously inject large selected guinea-pigs (weighing at least 400 g- 
to inject rabbits. . , 

As a rule the guinea-pigs were given 7 to 8 injections ^ 
of 4 weeks, i. e. about 7 cc. (7000 million bacteria). As near y a 
animals in one set had anaphylactic shock after the fourth ’ 
■on the lllh to 1 2th day% and as the corresponding sera were prac ■ 
nil anti-compIcmcntary^ (0.30% haemolysis), different pro imin. 
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treatment of the immunising and absorbent antigen was adopted. 
There is probal)ly some connection between these findings and the 

anti-complcmcntary tendency. , , 

Subsequently, as suggested by Lentz & Schiifer (193b. 193/) and by 
Uroma (1943). the immunising and ab.sorbcnl antigen was wasticd 
with buffer saline pH 7.38 (with addition of 0.5 % formalin), carefully 
avoiding any admixture of culture medium. Tlie density of the suspen- 
sion was about 20000 million bacteria per cc. After incubation at 3/° 
for 3 hours, the suspension was centrifuged, and the sediment was re- 
suspended in the same volume of fresh buffer saline with formalin, 
'fiiis was not a jiarlicularly thorough washing, but from now on none 
of the animals had anajiliylactic .shock. Altogether aboiil 300 guinea- 
pigs were immunised in this way. 

Here it should be mentioned, however, that among ncar!\' 250 rab- 
bits previously immunised with i'Unwasbcd« antigen, pbcnomeiia that 
might he interpreted as anajihylaxis were scon in only 3 of the ani- 
mals. 


Caiufiarixon of Resnlix of Ci-oss-obsorplion lixperimcnls with (> H) 
Strnins of Rnbbit Sera and Gmnca~pi(/ Sera respertincly. 

This comparison showed some agreement helween the two series 
of e.xiicriiiicnts, hut more partial anliffcnx liad to he set iij) when using 
giiinea-pig sera than when using rahhil sera. .As a mailer of fact, how- 
ever. this was not very strange, since the cross-ahsorplion cx))onmcnls 
with rahhil sera hud been carried out by examination of the antigens 
in fours, wlicreas all the 7 strains corresponding to guinea-pig sera 
were crossed at once. Only 3 of the 49 (7") ahsorhed sera turned out 
to he anti-complciuentary. In comparison, it may i)c mentioned that 
in cross-absorjition cxjicrimcnls with the corresjionding rabbit sera, 
an anti-ooinplemcnlary tendency was observed in nearly all coinliina- 
tions. 

Ffirtor dclcrminaiioii with rabbit sera and with guinea-pig sera on 
a number of strains did not give absolutely uniform re.stills. hut the 


antigens used for the production of the factor sera still gave fairly 
iiniforiii reactions liy the two methods. 

As it seemed reasonable to expect that the use of giiinea-pig sera 
instead of rabbit sera would cause less trouble on account of anli-coni- 
plcmcntnrij tendencies, and as normal guinea-pig sera ju-aclically never 
reacted with mixed gonococcus antigen, imiminisalion of guinea-pigs 
was then adopted exclusively. Indeed, .subsequent experiments sliowod 
that absorjilion of guinea-pig .sera re.sulted only seldom in sera showiiv' 
anli-complcmentary tendencies. Unfortunately, no direct comparison 
was practicable iielween the anti-compiciiientary tendenev in gninca- 
Pig and rabbU sera, because, among other reasons, llic same portions 
ol anligcn had not Iieen examined systcmalicallv with iiolh kinds of 
scrum simultaneously. 


Act.i Vol. XXVJ, 2 
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4. ^ Further Experiments with Strains which, according to their Origin 
might be expected to be Serologicallij Identical CGuinea-pig Sera). 

A number of experiments were now carried out with guinea-pig 
sera in the same w^ay as those performed -with rabbit sera. 

a. Factor Determination. 

Factor determination was performed on several series of urethral- 
cervical strains from the same patient, first wdth 5 factor sera, later 
w'ith onl 5 ’’ 4 factor sera. Out of 76 factor-determined (5 sera) pairs of 
strains, 67 pairs (= 88 %) w’ere found to be identical. Determination 
with factor serum 11 w'as given up subsequently, because it proved 
difficult to produce a sufficiently good serum, the remaining reaction 
gradually becoming too weak (see also the following paper). 

In addition, factor determination wms made on 75 strains (in- 
cluding 28 urethral-cervical strains) from 61 patients, corresponding 
to 30 chain infections. 

There w'as fairly good agreement between the »t 5 'pes« within tlic 
individual chain infections, as 28 chain infections consisted of iden- 
tical — or nearly identical — strains, and only 2 chain infections 
showed divergence of »fypes«. 

Altogether 275 strains were examined, among vvhich 5 »ljq)es« vcrc 
particularly frequent, viz.: 


Factor Formula; 


Factor serum no.: Ill 

V 

VI 

IX 

No. of strains 





— 

— 

35 (13 %) 

f 

— 

— 

— 

23 (8%) 

— 

— 

— 

4- 

41 (15% 





— 

87 (32%) 

— 

4- 

— 

4- 

52 (19 %) 


One particularly frequent »type« was found in about onc-tliird of 
TTT Y Vr I\ 

the cases, namely: ^ ^ _- 

The »t 5 T 3 es« obtained were not very clearly defined, as the fixing 
capacity of the individual strains varied considerably within t tesc 
7-typesc. 

As to the relative frequency of the x>tj'pes« obtained, most prcMOUs 
investigators w’ho w^erc able to carrj' out any s>tjq)ingc at all agree in 
1 or 2 tjqies arc particularly frequent. Thus Gordon (1921), 
to a private communication to Tulloch (1922), is said to have oii 
that 25 out of 30 strains examined could be classified into one gro p- 
^'Gordon’s prevalent strain«. Hermanics (1921) divided j 

into 6 tj-pes, among which he found 2 j>main typesc, ‘ ‘ , U 

(48 %) and t\-pe H (41 %). With some difficulties, Torrey & n 
(1922) were able to set up a j>rcgular group«, comprising « , 

half of the strains examined; and Tulloch (1922) foiinc la i- 
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his strains belonged to type I (Tnlloch’s predominant strain}, n smal- 
ler number ot 4 other ij^es, and 8 xmplaced slrams. 

Among the 3 »pure« t^ies set up by Vollmond (^^23) 2 xscrc part 
cularly frequent, namely: type II (41 %) and tjTC HI (50 /o). 

Casper (1937) divided the gonococci into 2 types; I and 11. 4 jp^I 
Avas found in about 36 % of the cases and type 11 m about U /c, 
whereas the remaining strains were distributed over a mixed tjqie 
I + II, S'hctcrologous'Sc strains and »non-cIassifiahle<!: strains (about 

Finally, by means of a specific polysaccharide, Uroma (1943) found 
4 serological gonococcus types: A, B, C and D; most of the strains be- 
longed to tjTic A (60 %). then came type B (23 %). 

It is regrettable that it lias not been possible to com]iarc some of 
the above-mentioned I'ljqies^ with the types found in this countiy. but 
it is to be hoped that such comparison may prove jiracticable in the 
future. 


b. Cross-absorption Experiincnfs. 

Cross-absorption cxpcriiiicnls with the strains obtained in 15 chain 
infections showed strikingly few deviations, and the differences ob- 
served did not suggest that the respective patients did not liclong cpi- 
dcmiologically to the same group, 1ml could he taken to signify a cer- 
tain variability of the gonococci. For instance, strains from one chain 
infection were found to have the same antigenic formula, thus be- 
longing to the same »lypc«, but yet they were not able completely to 
empty each other’s sera; both strains contained a partial antigen that 
was lacking in tiic other strain. Subsequent or cross-absorption cx])c- 
riments with several other strains showed the 2 strains in the chain 
infection to be very closely-related serologically. 

In these experiments, anti-complcmcntary tendency was observed 
only in the absorbed sera corresponding to 3 chain infections (20 %). 
It therefore appears as if guinea-pig sera contain less anti-complcmcn- 
tary tendency than rabbit sera (anti-complcincnlary tendency in 
60 %). Unfortunately, howcier, the anti-complcmcntary tendency in 
the two categories is not directly comparable, as in some cases" the 
absorption dose chose during absorption of guinea-pig sera was as 
low as possible as a preliminary experiment. Furtlicrmorc, the same 
antigen preparation had not heen examined systematically with both 
sera simultaneously. 

Clinical examination of 61 patients corresponding to 30 chain in- 
fections offered no explanation of tlie deviations observed within the 
individual chain infections in the cross-absorption experiments and 
factor determinations. 

The serological differences found within the chain infections mi"ht 
be explained in at least two ways: either as due to mixed infecUon 
with other gonococcus strains in the patients concerned, or resulting 


16 ^ 
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from some change in the strains from true mutation or from a cliaiu/- 
imj of phase. Here »tvue mutation« is employed for an irreversible 
change, »changing of phase« for a reversible change. 

In all 30 chain infections, it was most likely that the strain be- 
longed to the same type, judging by the amanestic data availa))lc, even 
though in many of the cases one had to consider the possibility of 
mixed infection, which indeed can never be excluded with certainty. 
Therefore, mutation .seemed to be the most probable exphmalion. De- 
monstration of mutation in vitro, preferably from a one-cell culture, 
would have supported this theory. Even though this could not be done 
successfully, the theory was not disproved, because the coiulition.s in 
vitro and in vivo were quite different. Perhaps it might have been pos- 
sible in animal experiments, for instance, with blocking of the rcli- 
culo-endothelial system by means of mucin. 

It had previously been decided not io use one-cell cultures becan.se 
it was very' difficult to obtain growth from a single gonococcus. There- 
fore, single colonij cultures were em])loycd. Unfortunately, as already 
mentioned, the results were negative. 

A priori it seemed conceivable that mutation might arise c.spccially 
in patients with complicated or chronic gonorrhea^ or on parliciilnr 
localisation of the infection (cf, Atkin, 1925). With regard to the for- 
mer possibility, out of 15 chain infections examined through cross- 
absorption, 6 cases were found in which the female partner jicrhaps 
had complicated or chronic gonorrhea — e. g. salpingitis — shortly 
before the present gonorrhea was diagnosed, or whose vita ante acta 
was suggestive of gonorrheal infection; 2 of these showed differences 
in the cross--al).sorption results, whereas in 3 of the remaining 9 chain 
infections neither partner had comjrlicatcd or chronic gonorrhea. Ibis 
gives the same distribution for the grouji with identical strains as for 
the group with different strains (2 out of 6 as against 3 out of 0). 

As to the significance of the localisation to the appearance of imi- 
tations, it may he mentioned that the urethral and cervical strains niaj 
differ in the factor determination as well as in the cross-absorption 
test, but no rules can be laid down as to which of the two strains is 
likely to differ from the strain i.solated from the partner. Ilovcwr. 
the material here examined was too small to elucidate this ipicslion. 
In addition, the conditions were complicated by the fact that it ".i.s 
not known which of the strains was the original. As already men 
iioned, some different urethral-cervical jiairs behaved in a vay 
lically similar to 7 other strains and sera, which goes against 
chance of a mixed infection being the cause of the difference. 

5. Cros.s-absorption within the T^Tijpcsc found bij Factor 
Determination. 

Since a certain number of >'lype.s< could now be set up by 
of factor sera, it seemed of interest to investigate to what e.vtiu 
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sli-iins within llic given »types« might he rclntcd. At any rale, some 
dSonf seemed likely, as it was not lo be expected that the aetor 
sera available wonld represent all the partial antigens that might 
occur. The following »lypcs« were examined by means of cioss-ab- 
sorption experiments; 

Frequency 

in 0,0 Factor serum No. Ill \ 'I Ik 

ca.. 13 ■ 

» 8 . _ 

>, .32 + — + 

« 19 — + 

Not examined + 


+ 

+ 


No. of 
slrnin.s 

10 

•1 

10 

I 

i 


No. of 
jialicnl-s 

8 

■1 

8 

0 

o 


In addition, some strains that were difficult to type were examined 
in relation to the »types<!: to which they came nearest. Allogclher about 
300 absorptions were performed. 

As an example of these cross-absorption experimenls. it will be 
appropriate here lo give the results obtained with 4 strains of rtyjic-i 
in V VI Ijt These strains originated from 4 different iiaticnls (see 

also Table 4 and the survey below). 


Factor forimda exjiresscd 


Strain 

No. 

Sex 

Origin Pt. No. 

in 

111 

ilcgrccs of potency 
V VI 

IX 

39781 U. 

F. 

5 1 

1 ■> 

0 

0 

0 

40914 U. 

M. 

Ciiaiii infection (i i 


0 

0 

0 

42089 C. 

F. 

9 1 

1 

0 

0 

0 

41842 U. 

it. 

« » 10 J 

( ,al/> 

0 

0 

0 


1- = 10 al)sorplions were jicrforined. 


Previously strain 39781 had been found to differ from 40914, while 
42089 was identical with 41842. Further, the strains of the two chain 
infections differed with at least two antigens. The behaviour of strains 
39781 and 40914 rescmhled that of 42089 and 11842, having thus cer- 
tain points in common in siiitc of the difrcrcncc demonstrated in the 
cross-absorption experiments. 

Tlie conclusion from these experiments was that in cross-absovi)- 
tioii experin^cnls with slrniiis helongitid to the sdiue »tijpc«, iletcniiiiicd 
hi] means of factor sera, these were found to differ unless they ori- 
ginated from the same patients or were pari of the same chain in- 
fection. 

The antigenic differences within »ty])c« Y lY do not appear 

to lie as great as within the other x.lypcs«. ^ ^ 


6. Cross-absorption Experiments with Strains of different 
and Experiments with New Factor Sera. 


y>Types« • 


It would have been inlcre.sting to compurc the antigenic slniclure 
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Table i. 

„ , . _ III Y YJ 

Crass-aiisorphoji Esperhnenis with 4 sirains of sTijpcs + ~ _ 

Non-absorl)ed serum titrated in 5 tubes, absorbed sera in 2 tubes. 
NB.: Undiluted guinea-pig serum. 0.025 cc. in 1st tube. 

Sera absorbed on Dec. 28—29, 19J3; corresponding complement fixation tests 
tvere performed on Dec. oO,'lfW5. 















PI. X’o. ,S 

Pi. .Vo. e 

Pl.Xo.Si 

n.xo.w 

SYTiltll 



wu 


4IS(J! 

CAp.trcl 

Non-abs. serum 3978 1 

n 

9 

10 

914 

0 

(Pt. No. 5) 






abs. with ( 39781 (Pf. No. 5) 

0 

0 

0 

0 

0 

\ -i09U (PLNo.C) 

5 

0 

0? 

1 

0? 

/ mss (Pt.No.,0j 

>6' 


0 

0 

0 

\ lists (Pf. No. 10) 

^0 

SO 

0 

0 

0 

Nou-abs, serum 40914 

(Pt. No. 6) 

12 

It 

SK 

7-5 1' 

(t 

abs. with f 39781 

1 

6 

O'? 

0 ? 

0? 

1 40914 

4 

2V-> 

•D/c 

3t4 


( 420S9 

S6 

Sre 

0 

0 

0 

\ 41842 


SO 

0 

0 

0 

Non-abs. serum 420S9 

9 

10 

U 

14 

0 

(Pt No, 9) 

abs. with ( 39781 

0 

0 


>0 

0 

t 40914 

1 

0 

2 0 

>0 

0 

( 420S9 

0? 

0? 

O'? 

0? 

ft? 

1 41842 

0? 

0 

0? 

O'? 

0 

Non-abs. sei-um 41842 

9 

9 

15 


0 

(Pt. No. 10} 
abs. with f 39781 

0 

0 

2:0 

>6 

0 

\ 40914 

0 

0 

>0 

>0 

0 

r 420S9 

0 

0 

0 

0 

0 

0 

\ 41842 

0 

0 

0 • 

0 


of the strains previously examined in cross-absorption experimen ^ 
xvilh rabbit sera, xvith the antigenic structure in some of the .-ncX' 
sirains that were examined with guinea-pig sera. 

It bad been hoped that lliis improved technique (cmplopicni o 
guinea-pig sera instead of rabbit sera) would have climinalct 
the minor differences and doubtful reactions that occurred m te p 

liminary experiments. . • r . ^ fn 

As a matter of fact, this was the case to some extent, but it 
be admitted that in cross-absorption experiments with 7 antigens n 



245 


euinea-pig sera, it was necessary to set up 9 partial antigens in order 
to explain the reactions observed. It was further found, however, that 
in cross-absorption experiments with strains of the same factor for- 
mula, these would usually prove different. Unfortunately, at this 
juncture (January 1944), the sera and absorption antigens %vcre no 
longer available — not at all, as far as the ^old« strains ^ycrc con- 
cerned, and only to a very limited extent with regard to the »ncw'« 
strains. Therefore, the above-mentioned comparison would have re- 
quired the production of new (fresh) sera and antigens, and this 
could be done because, owing to the war, it was out of the question 
to obtain a sufficient amount of agar. 

Attempts were therefore made to map out the antigenic formulas 
for a number of the »new« strains, taking into consideration their 
reactions with the 4 factor sera (III, V, VI and IX) as several cross- 
absorption experiments with strains and sera of differing ^typese were 
to be carried out. 

Further, strains belonging to the same sets but showing deviations 
in cross-absorption experiments with other strains of different r'tj.'pcc, 
w'ere further tested in order to see whether these deviations would 
also appear in relation to strains wdiich differed serologically and as 
regards origin. 

One of the first experiments is recorded in Table 5, illustrating hoxv 
5 strains and sera were examined, and a survej’ of this is given IicIoav. 


Surverj of Tabic 5. 


Strain 

No. 

43464 

45689 

46269 

44341 

40914 


PI. No. 

17 

24 

27 

21 

6 


Factor formula 
III V VI IX 


Antigenic fonmda 
11 


-t- 


+ 


— + 
+ - 


+ 
+ + 


I 

al) 

aci 

afcjcri 

acid 

ae 


Ucsienniion of iinliliortics 
in factor fonmiln corro-i- 
pondinj; to anlincnii.’ 
formiil;! II 


abibj 

acjCs 

afcjCs) 

nbnCi 

abjc 




Bo 


Cl 


- - Ih Cl 
H, 


It is evident from Table 5 that strains 45689 and 46269 were able 
to empty each other’s serum. Indeed, these sera showed quite uniform 
behaviour on absorption with the remaining 3 antigens — in spite of 
the apparently big difference in their factor formulas (sec below). 

ntigen 44341 was also able to completely empty serum 45689 but 
not serum 46269. 

In some subsequent experiments, the factor formulas for the 2 
strains approadied each other, since both strains reacted only with 
factor seruin IX. There is thus a good deal of evidence in favour of 
the fact that the two strains are very closelj'-related. 

antigens pairwise, in the way given on 
page 57 ibid., it was possible, with certain reservation, to set un the ont; 
genic formula I. In the case of strain 46269, the character c,c_„ is placed 
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Tabic S. 

Cross-absorplion Experiments with o Strains of Bifferent Types 
Expei-inieiit perfoj-med on Jan. 11, 1944. 

Sora absorbed on Jan. 10 — 11, 1944. 

0,25 cc. undiluted serum in 1st tube. 

NB.: Guinea-pig sera. 

Non-absorbed sera titrated in 5 tubes, absorbed sera in 2 tubes. 


Antigen 

jruin 4.=iliS3 .((i269 44341 40914 

in.Xo. 17 Pl.Xo.24 Pt.Xo.27 Pt.No.21 Pt.No.O Scnim- 

:tl>,li 2 aci (c:) a (cic.) alhiC, al),e control 


Non-abs. serum 43464, AB1B2 
• Ft. No. 17) Antibody 

content 

!) 

6 

5 

6 

() 

:ibs. with 43464 (Pt. No. 17) 

0 

0 

0 

0 

0 

45689 ( — 

24) B1B2 > 

a 

0 

0 

0° 

2 

46269 ( — 

27) B1B2 

5 

0 

0 

0^ 

0° 

44341 ( — 

21) Bi > 

a 

0 

0 

0 

2 

40914 ( — 

6) B 2 

6 

0 

0 

0 ' 

0 

Non-abs. serum 45689, 
(Pt. No. 24) 

AC1C2 

Antibody 

content 

8 

in 

9 

81/2 

o’/a 

abs. with 43464 

C1C2 

0 

>6 

11/0 

2 

0 

45689 

0 

0 

0 

0 

0 

0 

46269 

0 

0 

0 

0 

0 

0 

44341 

C2 

0 

(p 

0° 

0 

0 

0 

40914 

C1C2 

0? 

^6 

so 

S6 

Non-abs. serum 46269, 

AC1C2 

8V2 

9 

10 

8 V 2 

6 


I Ft. No. 27) 

abs. with 43464 
45G89 
46269 
44341 
40914 


.\iilibo(i.v 

content 

C 1 C 2 

0 

0 

C-j 

C 1 C 2 


Non-abs. serum 

44341, 

AB 2 C 1 

9 

9 

9 

10 

'Pt. No. 21) 


Antibody 

content 



0° 


abs. with 43464 


Cl 

0 

5 

S6 

45689 


B2 

o"^ 

0 

0 

S G 

46269 


B2 

0° 

0 

0 

S: G 
0 

44341 


0 

0 

0 

0 

40914 


B 2 C 1 

tp 

S6 

5 

S6 

Non-abs. serum 

40914, 

ABiE 

8 

6 

51/2 

6 


(Ft. No. 6) 

txbs. with 43464 
45689 
46269 
44341 
40914 


Aniihoch' 

content 

E 

EBi 

EBi 

EBi 

0 
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in parenthesis, thus signifying that these partial f 

^vays present - at any rate, not always m an avid fonn. cox 
responding antibodies arc designated by means ot capitals, the . 
gens by means of small letters. 

The symbol b, and b, arc used instead of b — c, and and c„ 
instead of d — e, in order to indicate that these partial antigens are 
conplcd to some degree. The frequency of strains with the factor for- 
mulas and I respectively. 

However, the subsequent testing of antigenic formula I proved 
that most of the antigenic formulas agreed, but not all of them (see 
also Talile 5). Efforts were then made to designate, the reaction of 
the individual strains with factor sera by means of the corresponding 
antibody designations. Thus, for instance, we might assume that the 
reaction of factor serum III with antigen 40914 is due to antibodies 


E and B, as this strain — in addition to the common antigen a — 
must also possess an antigen quota e tliat is different from b. This is 
only true, hower^er, if wc interpret tlie reaction with factor serum III 
as signifying a fixation with e as well as Avith b, but this cannot he 
taken for granted. It is most probable that antibody quota E is not 
rcin-cscnted at all in the four factor sera. 

When testing formula abe for strain 40914, however, tlie antigenic 
and antibody quotas arc found to he not in harmony — which again 
may he interpreted as indicating that antigen 40914 reacts only witli 
part of antibody B. This assumption is also supported by the fact 
that the reaction of antigen 40914 with factor serum III amounts only 
about 3 degrees of potency, whereas a number of otlier antigens show 
6 to 9 degrees in their fixation with factor scrum III. 

Nor would it bo correct to take the formula of antigen 44341 as 
ahe^ instead of ac^d — as one might perhaps lie tempted to do in view 
of the factor formula. 


If, on the other hand, wc take the fornnila of antigen 43464 as 
ab,bj, not ahj, so that li, corresponds to factor serum III — and b„ 
to factor serum VI, then we may designate antigen 44341 as ah„c, (in- 
stead of abc,) and antigen 40914 as ab,e. On testing sera and antigens 
pairwise, these antigen formulas are found to he in harmony; and 
they are called antigenic formula II. 

On considering the size of the »remaining« reaction, wc find no 
definite connection between the reaction wc ivoukl expect judging by 
the antigenic formulas and the reaction observed. It will fuidlier he 
noticed from Table 5 that there arc sei-cral places where tlie given 
formnlas are not fitting, as corresponding reactions arc Mnissing«. 
These »missing« reaction.s are recorded hy means of the symbol P 

It should he I.oinled out that it would not be l easonahlc to expect 
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the factor formulas to agree exactly with the antigenic formulris, as, 
for one thing, we have to assume that factor sera consist of sev’cMl 
antibody quotas, since the absorption is carried out with only one 
strain per serum. 

Experiments were then carried out in which 2 more gonococcus 
strains and corresponding sera were »crossed«: with the 5 strains first 
examined. The result was that cross-absorption experiments with 7 
strains gave 6 antigen quotas besides the common antigen a; and it 
became even worse when still more strains were scrossedc. 

Five additional strains were examined with cross-absorption ex- 
periments. All the factor formulas and antigenic formulas for the 
strains mentioned in this series are recorded in the following siincy. 
The partial antigens with which the reaction is occasionally snnssing< 
arc put in parenthesis. 


Strain 

Patient Factor 

formula 

.-Vntigen 

No. 

No. 

III 

V 

VI 

IX 

fonniilii 



Bi 


Bo 


a(l)jl) 2 ) 

-13464 

17 

+ 

— 

1 

“T 

— 





Bo 


a(l)il)2)d 

43467 

15 

+ 

2 

-p 

— 



Bi 




a(l)i)cr 

39781 

5 1 

1 

— 

— 

— 



Bt 




a(l)j)cg 

40914 

6 J 

1 + 

— 

— 

— 



Bi 




a(hi)h 

41842 

10 

+ 

— 

— 

— 




Co 


C, 

:i(ciC.‘) 

45689 

24 

— 

+ 

— 

+ 

46269 

27 

— 

— 

— 

— 

afcic-d 






C: 

a(ciCj) 

42981 

12 

— 

9 

_ 9 

+ 

42604 

14 

— 

— 

— 

9 

a(ciC;) 

30778 

2 

B, 

(+) 

— 

B.o 

(-!-) 

— 

aCaiC-:) 

44341 

21 ] 

1 

— 

15.J 

Cl 

a(l).ci)i 





Bo 

Cl 

afli.ci) 

45016 

22 1 

f 

— 

+ 

i 


In addition to the common, a antigen anti soiuc 
common to some strains, several strains contained a so j. 

anlieen, - e. g. .13467. 30781. 40014. 41842. 44341 - 
strains — esiiecially those with formula a(CjC;) appc.ir 
onlv verv little ^spccial« antigen. This is strongly reminisce 
theory set forth by Volhnond (1923): that in addition to 
antigen (common to all gonococci), there are also both Wl'C • 
and xlrain antigens. 
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The cross-absorption experiments carried out with 1- strain 
showed that, with the technique here used, it is only practicable to 
set up preliminary and rather uncertain antigenic formulas. 

Further, in addition to the antigen common to all gonococci, these 
bacteria possess many partial antigens — perhaps both »tyiie« anti- 
gens and »strain« antigens. , , , • . x- i 

Some strains which, according to their origin, ought to be identical, 
w'hile in cross-absorption experiments they turned out to be different, 
w^ere probably nevertheless closel 5 ’'-related, as in cross-experiments 
with other strains they behaved similarly. 

A fair degree of harmony could be demonstrated between factor 
formulas and antigenic formulas — except that some antibodj^ quotas 
ivere not represented in the factor sera. 


As some antibody quotas did not appear to be represented in the 
factor sera, an attempt was made to produce some additional »neiv« 
factor sera. 

Experiments were made with 3 »new<s: sera produced by immuni- 
sation of 6 guinea-pigs per strain. 

Two of these sera, however, were found to react exactlj' like factor 
sera III and IX respectively, whereas the third serum actually repre- 
sented something new. From 1st April, 1944, the last-mentioned se- 
rum was used as a fifth factor serum (factor serum XII). 


Summary. 

An account is given of a number of cross-absorption experiments 
with strains which, according to their origin, might be expected to be 
serologically identical. These first experiments ivere carried out with 
rabbit sera. Out of 18 series of strains examined ivithout preliminary 
treatment of the absorbent antigen, one or often more sera turned out 
to be anti-complementary, corresponding to 11 series. With the tech- 
nique here used, it is not practicable to show that strains isolated from 
the same patient (within the same period of illness) are always iden- 
tical. Experiments were then carried out with »factor sera«, i. e. par- 
ticularly selected absorbed rabbit sera. 

More than 100 strains picked out at random were examined "with 9 
factor sera«, yielding 18 »types« with more than one representative 
of each and 34 »t 3 qDes« with only one strain of each kind — that is, a 
total of 52 »t 3 'pes«. By limiting the number of factors to 5 particularly 
suitable ones, 2/ s-tj^pes^ are obtained, including IS with more than 
one representative of each. 

Among 88 series of strains that might be expected to be identical. 
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only 66 % were found to be identical when examined, usine 5 factor 
sera. 

Comparison of the results obtained from factor determination and 
from cross-absorption experiments carried out on 17 strains of series 
shows fairly good agreement between the two methods. However, 2 
sets of strains are found to differ using the factor serum method, 
while they turn out alike in the cross-ahsorption experiments. Experi- 
ments with single colony antigens furnish no evidence in support of 
the presence of mutation or changing of phase. 

Guinea-pig sera were then tried instead of rabbit sera, because, 
among other reasons, guinea-pigs seldom give a positive gono-reac- 
tion. The technique of injection is described. Comparison is made be- 
tween the results of cross-absorption experiments with rabbit sera and 
guinea-pig respecth'ely, showing a certain agreement. Factor deter- 
mination xvith rabbit, sera and guinea-pig sera re.spectively gave fairly 
uniform results. 

Guinea-pigs were then used for the production of immune sera, be- 
cause, among other reasons, it was thought that this xvould probably 
reduce the troublesome anti-complementary tendency. 

A number of experiments similar to those performed with rabbit 
sera were carried out xvith guinea-pig sera. By factor determination on 
114 pairs of strains isolated from the urethra and cervix of the same 
patient, 11 different types were obtained (2^ = 16 possible), 5 of whicli 
appeared frequently, representing 85 % of the strains. One type was 
particularly frequent, being found in about 30 % of the strains. Of 
the 114 pairs, 103 (= 90 %) xvere serologically identical. 

Factor determination on the strains contained in 30 chain infec- 
tions shoxved agreement within the individual chain infections in 28 
cases. Cross-absorption experiments with strains from 15 chain infec- 
tions shoxved surprisingly fexv dex-iations, and the sera turned out to 
he anti-complementary only in 20 % of the cases as against 60 % xxhen 
using rabbit sera. Altogether 275 strains xvere examined in this series. 

Cross-absorption experiments xvith strains of the same »type« 
shoxx'ed them to differ serologically in that they did not originate lom 
the same patient or constitute parts of the same chain infection. 

Cross-absorption xvith strains of diffei’ent tyqres only led to 
establishment of preliminary and rather uncertain antigenic onur 
las. As prexdously found xxdien using rabbit sera, gonococci possess 
many partial antigens — perhaps both tyjre and strain antigens 
addition to the antigen common to all gonococci. 

A fair degree of harmony is found betxveen the factor foiniu as an 
the antigenic formulas. j 

Three »nexx"« factor sera xvere tried out, one of xvhich hehji^ec 
most like factor serum III, another almost like factor serum IX. 
as the third one appeared to contain something hitherto unknoxxn- 
subsequent studies this serum xvill he used as factor serum X 
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SEROLOGICAL STUDIES ON GONOCOCCI III 

THERMOSTABILITY AND BIO-CHEMICAL NATURE OF THE 
GONOCOCCUS ANTIGENS. DURABILITY OF THE FACTOR SERA. 
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1. Previous Investigations. 

After Heidelberger & Avery (1923), Avery & Heidelberger (1923— 
1925) and Avery, Heidelberger & Goebel (1925) had led the typing 
of bacteria into new paths by their demonstration of typespecific 
polysaccharides in pneumococcal capsules, similar investigations into 
other bacterial species were soon reported — e. g. meningococci and 
gonococci. Zinsser & Parker (1923) also presented some fundamental 
results from their work on protein-free bacterial extracts. Further- 
more, Ferry & Fisher (1924) found that apparently' protein-free go- 
nococcal antigens possessed antigenic characteristics, i. e. reacting vith 
immune sera. 

Casper (1930) isolated specific polysaccharide and nucleo-protein 
from gonococci, corresponding to two different agglutinative types. 
The polysaccharide produced specific skin reactions in gonorrhorcs, 
whereas the nucleo-protein also produced positive skin reactions m 
normal subjects. Subsequently Casper (1937) reported his studies on 
specific polysaccharides carried out in 1927 — 1933, emphasising a 
to obtain good results it was essential to use freshly-isolated strains. 
He further stated that the specific substance corresponding 
was thermostabile, being able, among other things, to stand oi 
for 5 minutes, while the specific substance corresponding to tjT^ 
was possibly thermolahile. , . 

Zozaya & Wood (1932) obtained polysaccharide and nucleo-prote 

*) These studies \vere financed in part by a grant from «Kong Cbristia 
den X’s Fond«. 
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from Gram-negative cocci, including meningococci and gonococci, but 
only the meningococci were examined with regard to type-specificitj • 
The authors found neither the polysaccharide nor the nucleo-piotei 

to he type-specific. . 

Several other investigators have prepared a protein-free substance 
from gonococci, which they have used for a diagnostic skm test 
(Mutermilch Grimberg (1935), Dmitriew & Demidova (1935), Bar- 
hellion & Feld (1936), Pinetti (1937). Rossett (1939) made an 
amorphous powder from a 4—6 day pobwalcnt broth culture. This 
powder showed properties greatly resembling polysaccharide. In 
contrast to previous investigators, Rossett omitted boiling of the 
culture, as he assumed that such treatment would destroy Casper s 
thermolahile polysaccharide; on intracutaneous injection of the 
powder he obtained specific reactions. In 1931 — 1934, Boor & Miller 
examined nucleo-protein and polysaccharide (»the alcohol-prccipitalile 
fraction«) in meningococci and gonococci, but they did not succeed 
in preparing any tjTC-spccific polysaccharide from cither meningo- 


cocci or gonococci. 

On the other hand, in 1933 — 1935, Rake & Scher]i succeeded in 
isolating specific polysaccharide from meningococci types I and II; 
a type III strain which thej' had had in stock for some time could not 
be distinguished from type I, and type IV could not be obtained at 
all at the time of these studies. The authors emphasised that there 
was a great difference between freshly-isolated and older laboratory 
strains, morphologically as well as biologically. In this connection, it 
may be mentioned that Torrey (1940) examined the fixing capacity 
of four different gonococcal antigens (Cohn (1925), Price (1932), Me 
Neill (1932) and Kreuger (1933)) and found, by complement-fixation 
experiments, that the Cohn and Price antigens were about equally 
potent and more potent than the other two antigens. He found no 
conformity between the carbo-hydrate content (Molisch-test)' and the 
complement-fixing capacit 3 % from which he concluded that the carbo- 
hydrate content played no role in the complement-fixation. 

In France (Boivin and associates (1933)), a »gluco-Iipoid« has also 
been obtained from various Gj-am-negative bacteria, in addition to 
polj’saccharide and nucleo-protein, wliich are not always chomicallv 
well-defined substances. This »gluco-]ipoid« substance, wliich is anti- 
genic, can onlj' be prepared from Gram-negative and not from Gram- 
positive bacteria. Cheve (1938) prepared type-specific »gluco-lipoid« 
corresponding to three meningococcus types, and Boor & Miller (1939) 
prepared an antigenic substance from meningococci and gonococci ad 
modum Boivin. Subsequentl 3 % in 1944, the latter authors described 
in detail the procedure for the preparation of »gluco-Iipoid«, in ad- 
dition to a number of experimental studies of the antigenic properties 
of this preparation. The authors arrived at the conclusion that the 
i>gluco-lipoid« was only relatively specific as regards gonococci and 
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meningococci. However, after liydroJysis, during which the carbo- 
hydi'ale was separated from ilic lipoid, the former gave a specific pre- 
cipitation, making it possihJe to distinguish gonococci from meningo- 
cocci, and meningococci of ty{)c I from meningococci of t 3 '])e III. 

Afcnzel & Rake (1042) continued Rake & Sherp’s ininumo-chcmical 
studic.s on meningococci. TJ)ey isolated a new kind of l37)e-specific 
suhstance, whiclx they called »Kap])a« and which they a.ssumef] dif- 
fered from tlic ordinary t 3 ']>e-si)ecific imlysaccliarides (pneumococci) 
and (rom typc-s])ccific j)roleins, such a.s, for instance, Lancefielri’s 
(1928) M-.suhslancc and Vewrey's (1040) staphjdococcal protein. 

»Kappa« was not destroyed hy jn-otcol.vlic enzymes, and consisted 
piohaJdj' of ])rotein with an cnzjune-rcsislant prosthetic group which 
contained polyjiejilides and some carho-hydrales. 

I'his substance was prepared from a 2 — S weeks old broth culture, 
to which was added 0..5 % Plienol and which was centrifuged in 
Sharpies’ super-ccnlrifugc (.S0,000 r. p. m.). The supernatant fluid 
was filtered in various ways, and then tlic filtrate was concentrated 
hy ullra-filtraliou. The protein was precipitated at pH 4.5, and from 
this ])recipitatc the crude »Kap]):i« substance was prepared hy trj'plic 
digestion. 

In 1948, Uroma described a method for tyj)ing gonococci hj* means 
of .a specific polysaccharide prepared ad modnm Casper. 

Contpiemeii{-fixu(iou was used for .serological o.xfuniiiation. Uroma was 
alilo. hy o.\iuuiiia(ioii of .W strains with four sera, to divide tlw gonococci into 
four tyjjes. of which (lirec-fiffhs of tiic strains were of the. .same type. Uroma 
prcpai'cd only foui* sorn, niul tl)us did Jiot jnvc.stigniD whether sera produccti 
witli different strains within (he same tj'pc were strictly lypo-spccitic. Tlic 
l)unfication of (lie ])oIy.sacclinricles was rather difficult, as at least six solu- 
tions and precipitation with alcohol acid and basic milieu alternately weio 
required in order In a\oid aiiti-foniijlementnry icmloncics in the antigen. 

In experiments on immunisation of raldtils with the purified pohl 
.s'ncclwrirles, no immunity was ohlained. In addition, the peculiai ac 
was observed, that the same polysaccharides which gave positive com 
ph;n 7 ent-fixatwn gave absoluicly negative precipitation reactions. 

In 1943, Stokingcr, Ackerman & Carpenter reported the 
micro-chemical anaij'sis of gonococcus strains (fovu' fresh aw ' 
old) grown in Douglas Itroth. Among other things, they found cano 
hj'drate to constitute from 5 % to 9 % of the weight of dried bac eria, 
lipoid 10 — 14 % and nuclco-protein 60—65 %■ Tliej' found Uxo 
protein fractions; a relatively insoluble lipo-nucleo-protein, an 
lipoid-free nucleo-protein. Furthermore a lipoid was isolatec x' > 
xx’as found to he not particularly characteristic of gonococci. 

It was not practicable by chemical methods to demonstra 
presence of a tj'pe-specific polysaccharide in gonococci groxxi 
Douglas broth. On the other hand, in the broth from gonococcus 
lure.s, tlie.v found a protein-like fraction xvith toxic and an igeni 
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perties. This purified fraction reacted with gonococci as well as with 
other Gram-negative cocci in complement-fixation tests. 

Slokinger, Carpenter & Plack (1944) investigated the immunolog- 
ical relationship in Neisseria by means of quantitative agglutination 
ad raodum Heidelbcrger & Rabat. They found no tendency to group or 
type formation in material consisting of nine gonococcus strains. Me- 
ningococci and gonococci were more closely related than the gono- 
cocci were to each other. However, the gonococcus strains examined 
differed in that strains showing equally strong cross-reactions as a 
rule gave rise to immune sera differing in antibody components. 

Certain gonococcal elements proved to be soluble in normal rabbit 
serum with physiological pH values, and the last-mentioned authors 
assert that this property has not been observed in bacteria whose carbo- 
hydrate is the most important factor in their antigenic specificity. As 
an illustration, it may be mentioned that meningococci of group I ( as- 
sumed to contain specific carbo-hydrate) were insoluble in normal 
rabbit serum at phesiological pH, whereas meningococci of group II 
(assumed to contain specific protein) were soluble to about the same 
degree as gonococci. It is not possible to see from this paper whether 
these experiments were carried out with the same or different normal 
rabbit sera. This point may be of some interest, as the solubility con- 
ceivably signify an antigen-antibodj' reaction in serum depending 
upon the amount of antibody aimed against bacteria serologically re- 
lated to gonococci, e. g. Pasteurella, Micrococcus catarrhalis. 

2. Writer’s Investigations. 

2. Occurrence of Capsules. 

It is only natural to associate the occurrence of specific polysac- 
charides in bacteria with the presence of a capsule in the organisms 
concerned, as in several bacterial species the capsule has been shown 
to contain just the type-specific polysaccharide, e. g. pneumococcus. 

Generally, however, the gonococci arc considered to he non- 
capsular (cf. Thomas & Bayne-Jones (1936)), though there arc some 
authors who think they have found capsulated gonococci, e. g. Israeli 
(1921), Szilvasi (1932), Almaden (1938) and Bernstein (1941). It is, 
however, difficult to exclude the possibi]it 5 ' of the phenomena thus 
observed being artificial products from fixation or staining, or being 
due to some optical phenomenon. 

With regard to the occurrence of capsules in gonococci, a single 
observation has been carried out with a living gonococus culture sus- 
pended in physiological saline solution with addition of methylene 
blue. The culture suspension was e.xamined under the microscope as 
follows : 

1) Without any addition; 

2) With addition of normal rabbit serum, gono-reaction negative; 

Acta path. Vol. XXVI. 2 
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5) With addition ol' normal human serum, gono-reaction negative- 

■I) With addition of liomologous rabbit serum, gono-reaction 
strongly positive. 

On addition of homologous rahhit serum, a somewhat dubious swel- 
ling of the bacterial body observed, but no actual ca])sular swelling. 
Something similar could he seen in a moist unstained smear. 

1). Thermostabilitij. 

In order to investigate whether genuine and absorbed sera (factor 
sera) reirresentcd antibodies against thermolabile or thermostabile 
antigens (of ])rotein or of polysaccharide-like lipoid character respect- 
ively), complement-fixation tests were made with gonococcus antigens 
treated in various ways. An examjrlc of this is given in Table 6. 


Table (i. 

Fartor I)elen/ih}atio)i on i Gnnororrits Slrai)is of Different Types. 

Studies carried out witli antigen ))ro))arcd from )>living« gonococci, and 
on gonococci lieated to different temperatures during various periods. In 
addition, tlic exirei-iment is carried out witli non-absorbed sera correspondiiif: 
to file two strains. 

The e.xperiment was performed on 7tli March, 1945. 

Sera absorbed on .5th & 6 th Mai-ch, 1915. 0.0-25 cc. undiluted .serum in tlic 
first tube. 

I'igui'os = degi-ees of potency. 
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Antigens corresponding to two strains ol different »tjpe« 
and 2 c) were used untreated — i. e. »living cultuies« 
saline, density of 1000 millions per cc. — and heated foi - n’’ 
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to 37° and’ 56° respectively, and also for varying IcngUis of lime lo 

100° on waler-hath. . , 

Five factor sera (HI, V, VI. IX. XII) were examined, logclhc ^Mth 

the non-absorbed immune sera corresponding to Ibe two slrams. 

(Reyn. Alice; ibid.). , ■ • „ 

The fixing capacity of strains 1295^ and 2 c differed in then i 
action to heating. Strain 12054 reacted similarly liotb with factor sera 
and with non-absorbed serum (homologous and heterologous) with 
all antigenic portions; 2 c lost its fixing capacity for factor scrum IX 
on healing to 100° for 20 minutes, while there was no difference with 
»living« gonococci, whether healed lo 37° or 56°. I he reaction ilh 
non-absol'bcd sera was also reduced, though to a lesser degree (2-- 5 
degrees of ])otcncy), fairly iirojiorlionalely to the lime. 

In these cases, fixing with the non-absorbed sera revealed the dif- 
ference in the antigenic structure of the two strains. Ihc reaction being 
considerably stronger with homologous sera than with heterologous 
sera (cf. Casiicr's >'Sj)ccific« sera corresjionding lo types 1 and II. 
(1930, 1937)). 

These ex])criinenls suiijiorl the assum))lion of a difference in the 
character of strains of >ty])cs 111 — 1Y'< and >ty)>cs V— ^1X«. In order 
lo corroborate this \ iew, an experiment was carried out in whicli ten 
strains were healed lo 56° for 20 miniilcs and to 100° for one hour. 
Six of these strains (four of wliich reacted with factor scrum IX. one 
with factor serum V and one with factor serum XII). lost their 
fixing capacity for Die factors mentioned by being heated lo 100° for 
one hour, whereas the fixing capacity of four strains of >'lypc III — IV« 
or »typc III« remained unchanged. In two or three strains of >'typc 
V — IX«, the fixing cajiacity for homologous sera was lowered, white 
it remained unchanged in the rest. 

To sum uj) these findings, il may be stale dlhal (he fi.ung capnciiij 
for non~absorbed ("homologous amt hcierologou.s J .serum is affected 
only to a slight degree by heating the antigen to 100°, as comjiared lo 
liealing lo 56°. llii.s might indicate that the antigenic quota common 
to all gonococci is chiefly of carbo-hydrate, or possibly lipoid, char- 
acter. 

As il seemed more likely that variations in the fixing capacity 
would liccomc more conspicuous if loo low a dose of the antigen was 
used, the same ten antigens and one new antigen were tested with four 
non-absorbed sera in the same way as above. In four Icsls’wlierc the 
homologous scrum was used, the fixation with »100° antigen « was un- 
changed or accentuated. The fixing ca))acity for heterologous sera was 
unchanged or stronger in nine antigens, and weaker in two, one of 
w iicb reacted with factor seruin 11 alone, the other with factor serum 
IX alone. 3 he experiment thus confirms that the antigen common to 
all gonococci is thermostahile. 

In some cases, the reactions with 100° antigen were stronger than 
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s-Kappa* siibslance in meningococci agreed inirly well witli Ihc rt. . 
of expcrimenls with gonococci healed to 100° dea.t witli m Uic P'c.se.i 
■work. In both cases the rcsnlls indicated lhal substances of piotcii 

character might he lypc-spccific. >• , 

The experiments reported by Miller and associates (191.1) dealing 
Avilb beating of gonococci snsjicndcd in saline, may be correlated xvitb 
the results of onr complcmenl-fixnlion cxperimcnls with non-tilKsorocd 
gonococcus sera tested with antigens healed to .50° and 10(1° respective- 
ly. Miller cl (iL found, amongst other things, than when meningococci 
arc healed to 80° for more than four hours they become agglulinahlo. 
■with non-lype-spccific meningococcus sera as well as Nvilh heterologous 
immune sera. 


C.onchision. 

No capsular swelling is observed on the addition of liomologous 
rabbit scrum to stained and unstained smears of gonococcus cultures. 

There arc Ihcrmoslnbilc as well as lliermolahile gonococcus anti- 
gens; the antigen common to all gonococci is thcfmoslabilc and, Ihcrc- 
fore, probably of carlio-hydratc character (])erha])s lipoid). 

The partial antigens corresponding lo faclor sera 111 and IV are 
mainly Ihcrmostahilc (polysaccharide, or jiossibly lipoid?), whereas 
the antigens reacting with faclor sera V and IX arc mainly Ihermo- 
labilc (proteins?). 

In some cases, fixation with antigen heated lo 100° is stronger 
than with antigen heated to 5(1°, This may perliaps be exi>laincd by 
thcrmolabilc antigen Inliihiling the fixation with thcrmostabilc antigen. 

The results olilaincd so far, however, are to be regarded merely 
as preliminary, and the writer fully realises that more thorough in- 
vestigations into this particular field ought to be carried out. 


c. Experiments on Preparation of Poigsaccharidc. 

Allcnipls have been made to produce jiolysaccharide ad modum 
Uroma, firstly from strain 12951, of rtypec ' VI .IX 
also from strain 2 c, >typcc ^ 

The procedure was as follows: — 


An IS-hour ascites agar plate culture was washed once with saline. 
Then four volumes 10 % sodium taurocholate was added, and the 
mixture was shaken thoroughly for .30 minutes in a shaking machine 
heated on water-bath at 5G° for 90 minutes, shaken for .‘10 minutes, 
and left standing for 2.1 hours at room lem)icralurc. Next day it was 
hc.alcd on water-bath for 30 minutes at 5G°, prcciiiilatcd with' normal 
acetic acid, allowed lo stand in ice-box for 21 hours, and centrifuged 

'’''I'"""'"'" f'i'l 

.Mil, 00% alcohol .vhilc heng slirrcl, live, this tirsl prcoioilalion 
requires a large amount of alcohol (.5 volumes), but on add lion of 
manor volume oil, or. a oonoWorahly s.uallor au.ount ol uleZr.v°n 
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suffice. Uroma lucrcly .stales that he jHTcij>ilalcs with 9.0 % alcohoi 
and that more alcohol has to he used for each j)rcci])it:ilion. According 
to laid’ infoi'ination, it is understood that aeelone was used for the 
precipitation. 

After centrifuging, the scanty white sediincnl was di.ssolvcd in 
(Vislilicd water, and the solution rendered 5)as5c W'ith 0.1 norma! A’aOH. 
Aleoiiol and ether were arided, and the mixture left over night in re- 
frigerator. Next day. centrifuging and solution of the .sediment in 
distilled water was earrictl out. Normal acetic acid wa.s added ant) 
j)i-ccip{lation with a larger amount of alcohol and ether carried out, 
then llio mixture was allosved to stand overnight in refrigerator, and 
so on, as a rule with four i)recipilalions in acid and basic milieu alter- 
nately, Crude j)olysaecharifIe (precipitated and dis.solved only once) 
nvis found to have anti-complenientary tendencies as rejmrled by 
Uroma — hut after four precipitations and sohition.s. these tendencies 
riisappoared. Tiie fixing capacity was very weak in proportion of the 
relatively large miinher of gonococci used fpr the preparation of tins 
substance (about 200 large plates yielded 4 cc. poly’saccharide solution, 
and 0.05 — 0.10 cc. of the solution is used for each tube. As mentioned 
above, the purified » polysaccharide* in moist form dissolved easily 
in water and the solution gave a negative l)iuret reaction and neg.ilivc 
Fob ling’s reaction tliat turned jiositive after acid hydrolysis. 

Experiments have been carried out with two preparations (P. 2i' 
and'P. 12954) obtained from two strains of different types (tested 
with the corresponding gonococcus immune sera). The results ob- 
tained arc recorded in Table 7. 


Two polijxarrJturUle prepurnthnis wade from (jonocorritx strains He awl l-y'> 
iP. ie and P. IS:9M) with saline .uisj>ensions heated (n 56°, tested bij cnmpti- 
ment-fixntion experiments with carrespmulinn immune sera. 


Figiire.s = degrees of potency. 
Ex])eriirient carried out .yugust 1910. 
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11 is evident from 'I'nlde 7 llml the two polysacelmride i)rej)anilions 
are not type-specific, since for exaini)le. P. 2 c lias a 
llian P. 1297)4 with serum jiroduccd liy immunisation willi sliain i-. .)■ . 
The sera are iiroduccd Ihroui'li inuminisation willi a simiile susjicn- 
sion of gonococci in saline. In order to olilain tlie maximal reaction 
with the ])olvsacchari(le antigens, it was necessary to use a rathei 
high dose. viz. 0.10 cc. per tube, as 0.(H. (1.(12 and 0.04 cc. gave only a 
weaker fixation, or no reaction at all. In this connection, it should he 
mentioned that maximal fixation with gonococci susiiended in saline 
was obtained with a dose of about a X HP million gonococci jier test 
(uhe. For the jirciiaration of 0.10 cc. imlysaccharide solution, at least 
.■) X tO'" gonococci, or 1000 times more, were used, and even then the 
fixation obtained was not so strong, viz. 2 !' 2 — a degrees ol potency, 
as against 7^2 of potency. 


(Umcliisioru 

It seems reasoiiidilc to assume that the polysacehai'ide thus ob- 
tained corresjionds to the antigen conimon to all gonococci, which, as 
mentioned above, is Ihcrmoslahile. It was iierliaps not to he expected 
that a lyiic-siiecific polysaccharide might he obtained from strain 2 c. 
as the type-specific antigens of this strain were thcrinolnhilc and thus, 
presumably, of protein character. Unfortunately, technical conditions 
for the preparation of this iiolysaccharidc have made it impossible to 
continue these experiments for a time, hut the intention is to try to 
obtain iiolysaccharidcs from strains of varying tyiies whose antigens 
arc tbcrmostabilc. 


d. DnmbilUi) of the Fnctor Sera. 

Comjilemcnt-fixation experiments with the antigens which react 
with factor sera III and gave practically constant reactions with 
the factor sera, irresiiective of whether the factor sera were specially 
incpared or about two weeks old. On the other hand, it gradually 
became more evident that the results with antigens reacting with factor 
sera \ and IX were highly variable. Presumably this was due to 
weakening of the factor sera in the few days during which they were 
stored at + 4°. ( Fxiicrimcnts with storage at — 8° often resulted in 
gelatinisation of the sera when thawing.) 

Portions oi iactor sera V and IX were prepared, in addition to 


antigens from strain la (:.Type«*^f J ^ and *>0 (»Tvpe« 

1 _ )■ Ihe iiolency of the factor sera was tested against 

the same dose of antigen the same day, the next dav and the dav 
alter. On this occasion, antigen 2(1 reached with factor serum V 
and with factor scrum IX, while as a rule 2 c reacted only with factor 
suum IX. As early as the day after prejiaration of the serum, i. c. 
ia\mg heen ccntrituged after absoriUion overnight, both factor sera 
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showed a reduction in potency by 3—5 degrees of potency, and on the 
following daj^ this was even slightly more pronounced. 

On account of these findings, it is necessary to use fresly-absorbed 
sera corresponding to factor sera V and IX and probably also factor 
serum XII, whereas factor sera III and VI may be kept for months. 

This experiment also shows that the antigens giving rise to fix- 
ation with factor sera V and IX are destroyed by heating to 100°, 

In order to make sure that attenuation of the antigens might not 
have been the cause of the apparently decreasing potency of the sera, 
fresh factor sera were tested partly with recently-prepared antigen, and 
partly with antigen prepared 1, 2, 3 and 30 days before. However, no 
impairment of the reactions could be demonstrated in this way. 

As mentioned before, it was not realised at the beginning that the 
varying reactions with factor sera IX and V were due to weakening 
of the serum — because, among other reasons, all the factor serum 
was, as a rule, used up in one experiment, and, furthermore, the ex- 
periment was performed on the same day as the serum was prepared. 
A review of the earlier results show's very many deviations as far as 
factor sera V and, particularly IX, are concerned. 

Perhaps the presence of type-specific antibodies corresponding to 
both protein and carbo-hydrate may explain the findings of Torreg 
(1940), in w'hich an apparently carbo-hydratefree antigen reacted 
type-specifically. Another interesting thing concerning factor sera is 
the question of the constancy or variability of the reactions obtained 
with the same antigens tested with different factor serum prepara- 
tions. 

During the period October 1941 to March 1944, a total of 12 anti- 
gens were tested frequently with the factor sera available at different 
times. These antigens w'ere chiefly obtained from strains corresponding 
to the immunising and absorbing antigens in the production of factor 
sera. The antigens were examined with a varying number of portions 
of serum. Unfortunatelj', it was impossible to establish afterwards the 
age of the antigens at the time of the individual tests. Furthermore, it 
could not be stated with complete certainty which serum (rabbit 
number, etc.) had been used in every instance. Most of the antigens 
were examined 20 to 30 times, and none less than ten times. 

It w'as possible to ascertain, by means of repeated examinations, 
whether »anticipated« (usually homologous) reactions appeared again, 
and, if this is the case, to obsen'e how other (probably less w'C 
known) antigens behaved, i. e. whether or not their reactions with e 
factor sera are constant. 

For illustration of this, it will be appropriate to give detai s or 
some of the factor sera. 

Factor serum 11 (immunising antigen 12937, absorbing an igen 
11423 (now discontinued) : ., 

At first, the serum gave good homologous reactions, even thoug i 
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often had some anli-complcmcnlary tendencies. Tlic scrum failed both 
in homologous and heterologous fixation on going on to preliminary 
treatment of the absorbing antigen with guinea-pig serum. As with 
the guinea-pig sera, the first set (5 animals) gave good potent sera, 
hut in the rCcxi two sets (each consisting of G animals), only two 
guinea-pigs gave a usable serum, in spite of the fact that fresh j’- 
prepared antigen was used for the third set. It may he that the anti- 
genic formula for strain 12937 had undergone some change, as might 
he indicated also by the increasing tendency to fixation with factor 
serum III. As mentioned previously, employment of factor scrum II 
was descontinued in October 1913. 

Factor serum F (immunising antigen 1 a, absorbing antigen 

12954): 

As already mentioned, the reaction with this scrum was dependent 
on whether or not the scrum was freshly-absorbed. This applied to 
homologous as well as to heterologous fixations. It is a rather strange 
fact that strain 11394 reacted with this scrum as long as rabbit scrum 
was used, but not when using guinea-pig scrum. 

It seems conceivable that in this case also a change may have taken 
place in the antigenic structure, either corresponding to the im- 
munising strain (1 a), the absorbing (12954) or strain 11394. 

These experiments and many others showed that often factor sera 
III and VI, and V and IX respectively, were >'’Couplcd«, i. c. that a 
strain reacted either with III and VI, and not with V and IX. or the 
opposite. 

However, factor serum III, for example, was by no means identical 
with factor scrum VI. There were many strains wliich reacted with 
factor scrum III alone (nearly to the' litre limit), while the reverse 
was very rare. 

It was known from various earlier experiments that strains 12954 
(= immunising antigen corresponding to factor serum III) was closely 
related to strain 11413 (= immunising antigen corresponding to factor 
serum VI). With regard to this, it should be mentioned that the sera 
were absorbed by two strains differing in factor formula, viz. 1 a and 
11394 respectively. 

Is or were factor sera V and IX identical, as some strains reacted 
only vith one of them, and cross-absor]ition experiments showed that 
the strains used for immunisation differed with a least two partial 
antigens, ^ 


Conclusion. 

Factor sera V, XII and IX cannot be kept satisfactorily by storage 
at 4 , whereas factor sera III and VI may keep for several months. It 
IS theiefore important to use freshly-absorbed sera corresponding to 
factor sera V. IX and XII. ^ 

Consequently the results of some of the earlier cross-absorption 
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cxjicrimenls must be accciitecl with a certain degree of reservation 
Strangely enougli, the antigens whieJj gave fixations with factor sera 
\ and IX were thennolabile. Tests carried out with different factor 
serum pi’cijarations and the same antigens showed that most of the 
»anlicij)aied« reactions were to he found again. However, there arc 
various indieations that at any rate some gonococcus strains may 
change in regard to antigen. Factor sera III and VI. as well as facl'or 
sera V and IX, are coupled to some extent without being identical. 


Discussion. 

To try to assemhle the experiences gained with regard to the anti- 
genic structure of gonococci, we arrive at the following results; 

As a rule, ahsor[)tion is required for serological differentiation of 
the gonococcus strains. However, for reasons unknown, a few immune 
sera ( hul only a few) arc so »s])ccific« that certain serological dif- 
ferences can directly be demonstrated (c. g. in complement-fixation 
cx])erimcnls) . Probably these conditions are due to individual dif- 
ferences in the eximriinental animals. Possibly it was such accidental 
occurence of »specific« sera which caused Ca.si)cr (1930. 1937) to 
directly classify gonococci into types I and II. 

There is a thermostahile antigen that is common to all gonococci, 
in addition to several i)artial thennolabile and thermostahile antigens. 
The antigenic structure is independent of the degree of drug re- 
sistance. 

The question of the occurrence of a tyj)e-specific polysaccharide 
(Casper, Uroma) has only been touched upon in the present work and 
cannot j'et be settled. However,- there is much to indicate that, as well 
as this ])Ossible type-specific j)olj'saccharide, the gonococci also contain 
a type-specific thennolabile j)rotein substance (cf. Menzel & Rake 
(1945), and Stokinger, Ackerman & Carpenter (1943). 

Bj' means of four to five »seleeted« factor sera, i. e. absorbed seia. 
the antibody contents of which are only ])artially known, the gono 
cocci may be divided into a number of serological »types«, one of wIiIlIi 
is ])articularly frequent, while four are relatively frequent. 

Cross-absor])tion experiments within the individual »type« shoo 
that strains of the same kind usually differ serologically unless thej 
originate from the same patient, etc. 

In cross-absorption experiments it very seldom haj)j)ens that stuuns 
originating from different sources are found to be identical. ^ 

4’herefore, in addition to the common gonococcus antigen 
one or more »type-specific« i)artial antigens demonstrable by 
of factor sera, there are one or more »strairi-specific« partial an ige 
(cf. Vollmond’s (1923) theory on .species antigen, tyi)e antigen an 
strain antigen). 

It seems most probable that, by means of the factor sera x' 
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^vere partly chosen at random), we have louncl the more eonmum 
ivarlial antigens or sets of partial antigens. 

The antigens corresponding to factor sera III and ^ am ( . 

sera V and IX arc further jvartly coupled, so that reaction with seia 
III and VI as a rule excludes reaction with \ and IX. I hus, in scveia 
ways, we arc able to differentiate helwcen the two kinds ol antigen 

For one thing, factor sera V and IX (XII) arc diflerent Iroin lactoi 
sera HI and VI with regard to durahility, the former hccoining al- 
leiuiated quite iiuickly on storage at + 4 °, while the latter keep for 
several weeks under the same storage eonditions. 

Furthermore, the antigens corresponding to reaction with factor 
sera V and IX (perhaps Xll also) are thermolahilc. in contrast to the 
antigens eorrcsjionding to factor sera III and \ 1. 

.Some experiments indicate that gonococcal strains may change in 
their antigenic composition with partial antigens either appearing or 
disapiiearing (iiossihly only cjuantilativcly, cf. Hermanies ( 1621 1. How- 
ever, this does not appear to happen very often. 

In experiments with single-eolony antigens from the same strain 
in several >gcncrations«. no antigenic changes or differences could 
he demonstrated hy means of factor sera. 

It may he that the method of storage has some influence on the 
antigenic composition, hut it would he difficult to demonstrate this 
with certainty. 

If we use the »ty]nng« made iiossihlo hy the use of factor sera, we 
will not always obtain the same >''type« on examination of strains 
which, according to their original, ought to he identical, c. g. simullane- 
ons cultures of urethral and cervical strains from the same patient. 
This may conceivably he due to mixed infection in the patient, or may 
result from mutation. As mentioned, no antigenic differences could he 
demonstrated in the single-colony exjierimcnls. 

Whether this is a question of mutation or mixed infection is very 
difficult to decide. Perhaps the drug or chemo-resistance might he 
associated with the serological tyiie. If in some patients the urethral 
and cervical strains arc found to he distinctly different, in serological 
as well as drug resistant asiiects. it seems most iirohahle that mixed 
infection is the cause. However, this reejuires an accurate method for 
determination of the drug resistance, unless the two strains happen 
to show very different drug resistance. 

By using cross-ahsor])tion experiments to control the iminls of 
difference and resemblance observed, fairly good agreement between 
the factor scrum diagnosis and the cross-absorption results can he 
found, hut it is a striking fact that some sets of strains arc found to 
he quite different hy factor determination and identical hv cross-ab- 
sorption. 

One may he more certain that the two strains concerned are 
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actually different when this is indicated both by factor determination 
and cross-absorption experiments. 

Thus, if we fairly often find strains which, according to their 
ongina, ought to he identical, while serologically they turn out to be 
different, this will naturally detract from the serviceability of stypin§« 
by means of the available factor sera for use in epidemiological (or 
medicolegal) investigations. It may, therefore, be concluded that, in 
its present form, the »typing« is not particularly suitable for this 
purpose. 


It is not practicable to decide with certainty whether or not two 
strains are identical, except through production of immune serum 
with consequent cross-absorption experiments. However, it has never 
been observed so far that a strain of factor formula 

+ {_ _ _ 

proved to be identical on cross-absorption with the strain of the 
formula 

■r — -p ~ — 

With regard to the utilisation of these results in the production of 
antigen for the diagnostic gono-reaction, experiments will have to show 
whether it is practicable, bj' the use of a few strains -picked out on 
the basis of the reaction with factor sera, to obtain an equally — or 
even more — specific and sensitive antigen that the one available in 
the present polyvant, more accidentally composed, diagnostic antigen. 


Summary. 

A fairly detailed historical survey is given of previous investiga- 
tions into the hio-chemical nature of gonococcus antigens, showing 
that this question is far from settled yet. 

Then follows an account of the writer’s investigations v’hich, 
among other things, indicates that the antigen common to all gono 
cocci is thermostahile. In addition, there are both thermostabile 
antigens (corresponding to factor sera III and VI) and thermo a le 
partial antigens corresponding to factor sera V and IX. In some cases 
the antigenic fixing capacity proved to be stronger when the an igen 
was heated to 100° than when heated to 56°, possibly because a ther- 
molabile antigen may inhibit the fixation of a thermostabile an igen. 

It has not been possible to demonstrate any capsular swelling o 
addition of homologous rabbit serum to stained and unstaine 
terial smears. . 

Factor sera V, IX and XII could not be kept satisfactorily w en 
stored at -1-4°, whereas factor sera III and VI may keep for - 
that temperature. Experiments with storage of factor sera in 

rator often resulted in gelatinisation. onws 

Furthermore, it appears as though the strains may un ergo c i 
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in their antigenic sln.clurc on storage and cultural transfer in the 

Finally, the writer discusses the cxiiericnccs gained with regard 
to the aniigcnic structure of the gonococci, and deals witli all the ic- 
sults obtained, including those reported in the two jircccding papers. 
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F.FSFKAI. I’ATIIOlJXir. 
F. .1. .IFF SEA. M. IF 


STUDIES ON THE MODE OF ORIGIN OE PENICILLIN- 
RESISTANT STAPHYLOCOCCI") 

liy Fiiiitl Itirii-i-rls }:ril:si’)i. 

for |!iililiralion Xovoiiiln'r ll'ili. IltlS.i 

Previously it was (lie luevailiui; idea lliat ae<|uired resislanee to 
anrd)aclerial agcnls arises lliroutfli a process of adaplalion. Now it is 
more commonly assumed llial ac<|uired resislanee arises (lirouf'li se- 
lection in lliis way llial any fairly large poi)ulalion of a sensitive 
liaelcrial strain will contain a few resistant variants brought al)out 
by mutation -- independently of the jiresenee of the antihacterial 
agent eoneerned llial will he able to grow when llie sensitive indi- 
viduals in the culture have been eliininaled [Diibos'). LnriiF’-')). 

A few authors have eonlesled the correctness of the latter theory, 
however, asserting that it must he a matter of adaidalion even though 
they also emphasize more or less ardently the significance of a eon- 
eurrent selection ilHnshclwood'-), Ahruhntii. Calloin A' (lillinrr' ) ) . 
Ildlamy £- KHinclr) assume that penicillin-resistant strains of Sta- 
phylococcus aureus arise through mutations, hut at the same lime 
they think that these strains probably do not appear spontaneously 
hut are induced by penicillin. 

As to actpiircd jicniciUin resistance, the theory about spontaneous 
mutations is based upon works reported by Dcinerec' -’) . On sin eading 
a sta])hylococcus culture on i>eniciHin-eontaining agar he found that 
a certain iiorlion of the hactcria survived and formed colonies all of 
which at the highest ])cnicillin eoneentralion (O.OO-l (). U. jicr ce.) 
were found to he more resistant than the original strain, whereas 
some colonics at lower concentrations showed a normal sensitivity to 
])cnicillin. On transfer to agar containing O.Oti l O. U. per ee.. ;tn samp- 

) Siipporlod l>y a j^raiil from llie (aii'lslici'g I'oiiMdiitioii. 
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les from independent cultures of the staphylococcus strain were found 
to vary peatly m the number of resistant colonies, while the number 
of colonies resulting from transfer of 20 samples of the same culture 
turned out to be constant. On the basis of this experiment Demerec 
•concluded that the resistant bacteria have appeared in the original 
liroth culture through a spontaneous mutation and then on transfer 
-to penicillin agar they have grown out in colonies, all the sensitive 
liacteria being eliminated. For, if it were a change in the sensitivity 
induced by penicillin, it would be reasonable to assume that the num- 
ber of resistant colonies even from independent cultures would keep 
fairly constant. According to Demerec, the great variations in the 
■number of resistant bacteria from different cultures can be explained 
only through the occurrence of spontaneous mutations. When only a 
few resistant colonies appear, the mutation has taken place late in 
the growth of the culture; w'hen many resistant colonies turn up, on 
the other hand, the mutation has taken place early, so that a large 
number of resistant bacteria could be formed through division of the 
mutants. 

This theory has been supported by many investigators. Here it will 
suffice to mention merely a xvork of Spink & Ferris'^^^). These authors 
first state that there are two different forms of penicillin-resistant 
•staphylococci: 1) strains rendered resistant in vitro and characterized 
"by inability to form penicillinase, and by their resistance being lost on 
iransfer to media free from penicillin; and 2) staphylococci that have 
become resistant in vivo and, like the primarily resistant staphylo- 
coccus strains occurring in nature, are capable of forming penicil- 
linase, and their resistance is stable. 

Demerec mentions that 10 of his penicillin-resistant strains had 
shown no loss of resistance after 20 transfers in penicillin-free broth. 
Accordingly, Spink & Ferris set up these resistant strains as a con- 
trast to the strains described by other authors which were rendere 
resistant by cultivation in liquid penicillin-containing medium, or, 
as already mentioned, the latter strains are characterized by t eir 
resistance being unstable. Even though Demerec says nothing a ou 
"the capacity of his strains for penicillinase production, Spink & 
then classify them together with the persistent penicillinase-pro ucin 
strain that may be isolated after treatment with penicillin, an ey 
«et up this stable hereditary resistance — which, according to 
thus arises through spontaneous mutation — as a contrast to e u 
stable resistance which, in their opinion, arises through a ap a lo . 

Spink & Ferris find additional support for their view in _ 
periments in which some penicillinase-producing^ °^broth 

strains were transferred frequently in ordinary penicil m- . 

and showed an increase in resistance. This the authors m 
ie explained in this way: such a culture — just as descri e 



271 


merer as applying lo ordinary non-i)cnicillinasc-producing strains 
^Yill include a few bacteria possessing a greater resistance, and tlirougli 
the frequent transfers these hacleria have a chance of increasing in 

number. . 

This explanation seems rather iinprohahle as in these experiments 
with penicillin-free medium, of cour.se, there is no ])Ossihility for the 
selection that plays such a decisive role in ZPcnicrec’s theory. Un- 
doubtedly a selection taking place merely because of the frequent 
transfer is out of the question; otherwise wc should have to assume 
that the »rcsistant variants* through the frequent transfers obtain 
a higher rate of growth than the other bacteria in the culture. No 
doubt the explanation of the result is that after the frequent transfers 
the culture forms a larger amount of penicillinase simply as a result 
of the more vigorous growth or the more vigorous manifestations of 


growth resulting from the frequent transfers. 

As emphasized in jireccding jiapcrs.'*- the most natural cxjilana- 
tion of the difference between staphylococci rendered resistant in 
vitro and resistant strains isolated after treatment with penicillin will 
he that the latter strains merely arc primarily resistant strains, which 
— ■ on account of an original mixed infection, or because of a secon- 
dary infection — predominate after the sensitive bacteria have been 
eliminated. Tliis explanation has been suggested also by Dcmercc 
et ah") 

Furthermore, from the experiments to be reported in the following, 
there appears to be no difference between staphylococci rendered re- 
sistant through the usual method in fluid media and after the me- 
thod emiiloycd by Dcmcrcc, on solid medium. Presumably, then, the 
theories advanced hy Spink & Ferris may be left out of consideration. 


Writer’s Investigatinns. 

The experiments to be iiresentcd here were carried out with a strain 
of Staphylococcus aureus No. 70, which was emplovcd also in experi- 
ments previously reimrted on the effect of penicillin on staphylococci. 

When penicillin-containing broth is inoculated with sufficientiv 
many staphylococci, in some iicnicillin concentrations there will be a 
secondary growth consisting of bacteria with greater resistance than 
that Posscs.scd by the original strain. In order to look further into this 
lact, the lollowing experiment was carried out (Table 1); 
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Table i. 

Number of colonies on agar squares after spreading of one loopful from 
cultures of Staphylococcus aureus containing various concentrations of peni- 
cillin and with an initial bacterial concentration from IQ-^i to 10-^« of an 

24 hour’s broth culture. 
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A series of lubes with 4.5 cc. broth containing penicillin in different 

concentrations, are inoculated with 0.5 cc. ^ ” 

staphylococcus 70, undiluted as well as ^iHited 1 : 10 , 1.100 and so 
on making the initial bacterial concentration in the tubes 10 , lU , 

10-3 etc. The tubes are incubated at 37'^, and at various points ot time 
transfers are made with a platinum loop on abl. 20 X 20 mm. squares 


on agar piaict,. . 

From this experiment it is evident that, depending on the initial 

amount of bacteria transferred, a secondary grow’th will appear at 
certain penicillin concentrations. As mentioned, this growth consists 
of bacteria possessing a higher degree of resistance to penicillin than 
the original strain. With large inocula secondary growth is found in 
penicillin concentrations of up to 14 O. U. per cc., with smaller inocula 
only at lower penicillin concentrations, and with ari initial bacterial 
concentration of 10-3 there is no secondary growth at all. When the 
inocula arc sufficiently small, the secondary growth often comes long 
after the appearance of »one loop sterility*. With larger inocula, as a 
rule, at the corresponding junctures a few colonics will be seen which 
on determination of the resistance arc found to be made up of bacteria 
with normal sensitivity to penicillin. No doul)t they arc persisters as 
described by Bigger.^) From the figures for bacterial concentrations 
10—^ and 10—3 it is evident that the number of these persisters is no 
greater in the penicillin concentrations giving secondary growth than 
in the concentrations where no sucli growlli is seen. 

Even this experiment suggests strongly that tlic theory advanced 
by Demerec is not correct, and that the resistant bacteria appear only 
after contact with penicillin for some length of time. But, of course, 
with the technique here employed, where bacterial count is carried 
out only for a very small volume (about 0.002 cc.) it will not be 
justifiable to draw any definite conclusion as to the possibilUj'^ of an 
early occurrence of a few resistant bacteria. 


The significance of the bacterial inoculum to the secondary growth 
has been studied more thoroughly in a number of exjjerimcnts where 
the appearance of the growth in a fluid medium was observed. The 


results vary somewhat from one experiment to another. As a rule 
a penicillin concentration of 1/8 O. U. per cc. has shown growth in 
all the tubes where the initial bacterial concentration was 10-^ and 
also in several tubes witb 10 3 hut not in any tubes with 10 — ® In an 
experiment with 100 tubes containg 5 cc. with 1/8 O. U. per cc. and 
an initial bacterial concentration of 10-5, secondary growth was 
observed in 25 tubes. Only in six of these tubes could any growth 

instance did growth appear 
within 24 hours. In the remaining tubes it took longer for the growth 
to appear, and in 6 tubes it appeared only after 6 days of incubation 
In all the cases a secondary growth was found to consist in bacteria 
with increased penicillin resistance. In these cases where the secondary 
growth appears at such a late juncture, presumably it can he taken 


18 * 
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for granted that the growth does not originate from resistant bacteria 
present in the original culture. 

Other experiments have showm that when the inoculum is suf- 
ficiently large the secondary growth will appear constantly at penicil- 
lin concentrations of up to Vs O. U. per cc., as a rule also at 1/4 0 . U. 
per cc., but only in very few instances at V2 O. U. and never at higher 
concentrations. Thus the highest penicillin concentration at which 
secondary growth is fairly regular is O.U. per cc.; and this is also 



olonies of Staphylococcus aureus on agar 

per cc. after 48 hour’s incubation at 6( i-. 

he highest concentration at Avluch the bactericidal 

mployed will regularly show f ,, obvious to 

nd lytic action of penicillin ;\oeteri is depen- 

ssume that the appearance of penicillin 1 j ujum has been 

lent on such growth. In those cases " 7 ,^"” ^"°een very late in 
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heir appearance, of course, the real pnma y g aforc- 

.go and we have to assume jong state of rest, however, 
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uch persisters may again germinate ^ bacteria in the culture. ) 

, rimary growth and subsequent persisters to form rc- 

n this way, then, it should be Incteria in a peiiicilhn- 

istant bacteria in the same way as othci bacter 

mntaining culture. out with solid media 

In addition some experiments were c. j,lalc 

n the same way as described by Demerec. F,g. 1 show 



containing Vs 0. U. per cc.. On the surface, by means of an angular 
alass rod 0.1 cc. of a 21-bour broth culture of staphylococcus /O is 
'spread and the plate incubated at 37° for 48 hours. It will he noticed 
at once that we here meet with colonies differing greatly in size, from 
aliout 3 mm. in diameter to quite tiny, almost invisible colonies. There 
arc quite gradual transitions between the various forms of colonies. 
On determination of the resistance of 48 colonics from two ])lates of 
Ibis kind, all of them — regardless of their size — were found to 
consist of bacteria with increased resistance to penicillin. Even this 
finding appears to show tlial the explanation given by Dcmerec, tb.al 
such colonics reiircscnl- resistant variants ])rcscnt in the original 
culture, cannot he correct, as otherwise all the colonics would be ex- 
])cctcd to be of the same size. Undoubtedly the iiolymorphous picture 
of the colonics is to be cx])Iamcd in this way: that here we arc dealing 
with colonies differing in age, as resistant bacteria may dcvelo]i at 
different ])oints of time here on a .solid medium as well as in a liquid 
medium. 

In order to look furlbcr into the dcvelojiment of the resistant 
bacteria, the following cxjicrimcnt was performed ITable 2): A flask 
containing 30 cc. broth wilb Vs O. U. penicillin ])cr cc. and an initial 
bacterial concentration of 10—’ (from a 24-hour old broth culture) was 
incubated at 37° and at different intervals 0.3 cc. was transferred from 
the flask to agar plates containing penicillin in various concentrations. 
After 48 hours’ incubation at 37° the colonics on the plates were 
counted. 

This experiment shows plainly that the iicnicillin-rcsistant bacteria 
cannot have been lucsent in the original broth culture. For in that 
ease we would expect for each penicillin concentration to find that the 
number of resistant colonies would increase gradually from the be- 
ginning of the cx])crinient. At any rate, we would not find any fall 
in the number of resistant colonics, as is jilainly evident in this ex- 
periment. The transitory rise in the number of colonies on agar con- 
taining V.s 0. U. per cc. seen after 1 — 3 hours may be ex])lalncd readily 
as due to the higher number of bacteria present in the culture at these 
])oints of time as a result of the primary growth. In addition to the 
cx])criment here described, two quite similar experiments were ]ier- 
lonned with exactly the same result. 

In his experiments, as mentioned Dcineicc found that stajiliylococci 
rendered penicillin-resistant with the method be cm])loycd would keep 
their resistance unchanged even after 20 jiassages in' penicillin-free 
irotli m contrast to staphylococci rendered resistant in fluid me- 


dium. Thus it might look as if there were a difference in the staphylo- 



were transferred daily on ordinarj' broth. After 
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Table 3. 

Number of colonies on agar plates with various concentrations of penicillin 
after spreading 0.5 cc. from a culture of Staphylococcus aureus containing 

Vs 0. U. penicillin per cc. 
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takes plade verj' slosvly, as is evident from 

viously ^vhere staphylococcus strains rendered resistant in flu 
medium yielded resistant colonies which on further cultivation ga^ 
strains whose resistance remained unchanged through prolonged sub- 

Presumably these observations will explain the difference noticed 
between strains that were rendered resistant on solid and fluid media, 
respectively. 

The same 48 strains were examined for penicillinase formation by 
means of the satellite method described by Gots}^ In no instance 
could any penicillinase formation be demonstrated. One strain, which 
through repeated passages on penicillin agar had been made resistant 
to 2 O. U. per cc., was transferred to broth containing 2 O. U, penicil- 
lin per cc.; and after incubation at 37*^ for 48 hours, a Seitz filtrate 
of the culture showed no loss in penicillin activity. 

So presumablj' there can he no doubt that the resistant staphylo- 
coccus strains obtained after the two different methods are of the 
same character. 

As mentioned, Demerec’s theorj' about the penicillin resistance 
arising from spontaneous mutations was based on experiments that 
showed a very wide variation in the number of resistant colonies ob- 
tained in subcultures on penicillin agar from independent cultures, 
whereas the number of such colonies remains constant for several sub- 
cultures from the same culture. Demcrec’s experiment ivas performed 
as follows: 0.3 cc. of a diluted culture containing about 300 bacteria 
per cc. was placed in each of 30 small test tubes which then W’ere 
incubated at 37° for f8 hours. It was from subcultivation from these 
cultures on agar that Dcmerec found the wide variation in the number 
of resistant colonies. On the other hand, the number of samples from 
a single culture that on agar showed a constant number of resistant 
colonies were taken from an 18-hour culture containing 15 cc. of broth 
inoculated with 0.3 cc. of the same dilute culture as was used for the 
small tubes. But such a culture is not directly comparable to cultures 
of only 0.3 cc. inoculated with the same number of bacteria and in- 
cubated for the same length of time. It is obvious that after 18 hours’ 
incubation the small cultures are plij-siologically older than the large 
one. 


Table 3 shows the outcome of an experiment performed after the 
same principles as given b 3 ’' Demerec, hut including also independent 
cultures of 15 cc, A 24-hour broth culture of staphylococcus aureus 
/O, containing 66 X 10'^ bacteria per cc. was diluted with hroth to 10-«, 
and samples of 0.3 cc. of this dilution were placed in 10 small test 
tubes. In addition, 10 tubes containing 15 cc. broth Were each in- 
oculated with 0.3 cc. of the same diluted culture. After incubation at 
37° for 24 hours ~ during which the small tubes were stoppered with 
rubber stoppers in order to avoid evaporation — samples of 0.1 cc. 
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Table 3. 

Number of colonies of Staphylococcus aureus on agar containing Vs 0. U. 
penicillin per cc. after spreading samples at 0,1 cc. from 10 independent 
cultures at 0,3 cc., 10 independent cultures at 15 cc. and 10 samples from 

the same culture at 15 cc. 


Culture 

No. 


1. 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 
9. 

10 . 


Cultures at 0,1 

Total no. of 
bacteria per cc 

102X10" 

106X10" 

128X10" 

99X10" 

111X10" 
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77X10" 


cc 

No. of colonic.s 
on penicillin 
agar 

120 
ah. 400 
60 
235 
94 
45 
38 
124 
175 
ah. 300 


Culture 

No. 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8. 

9. 
10 . 
10 . 
10 . 
10 . 
10 . 
10 . 

10 . 
10 . 
10 . 
10 . 


Cultures at 15 cc 


Total no. of 
bacteria per cc 


No. of colonies 
on penicillin 
agar 


58X10^ 46 

50 
44 

42 
62 

43 


39 

29 

53X10" 42 

50 
52 
44 
41 
58 

39 
32 
46 

40 


were transferred 'from each tube to an agar 

penicillin per cc.; from one of the larger cultures altogether 10 samples 
were transferred to different plates. After incubation at 
hours, the resistant colonies were counted. tbp cniall 

From Table 3 it will be noticed that the 5° polonies 

cultures show a very wide variation in the num er o r 
— just as observed by Demerec. In contrast hereto * 
from the 10 large cultures showed a fairly constant nu 
colonies, and here the variation is no greater than 
samples from the same culture. nemerec’s result 

According to this experiment, of small cul- 
ls presumably to be found in conditions c theory about the 

tures, and thus it cannot be taken to suppo particular 

resistance arising from spontaneous -"^atrons.^ Hov ^thm 
difference between small and large culture 
ever, is a question I am unable now decide. 

From the experiments here described, „ j.,’ ged by Demerec 
doubt that we shall have to discard the theoiy 

and assume that penicillin-resistant staphy ® ^ some length 

the given culture has been in contact with penicillin 
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ol' lime. Bui whclhcr Uicir ap))canmcc he due lo ndaplalion oi lo a 
nuilalion induced by penicillin is a question which al any rale cannol 
lie selllcd through tlicsc cxiierimcnls. Slill, il is plainly evident lha . 
any vale il is not a mailer of adaplalion in the .sense that the total 
culture hocoines accustomed to growth in a pcmcilhn-containing nic- 
diuin. The experiments illustrate very well the significance of the selec- 
tion which Demcrec has emphasized .so strongly. During their growth 
in a ])enicillin-containing medium only a few bacteria out of a given 
culture will become resistant to penicillin. 


Summary. 

The appearance of ])enicillin-rcsislant strains of Staphylococcus 
aureus under cultivation on ]ienicillin-conta5n5ng medium is investigat- 
ed hy employincnl of solid as well as fluid media. 

The rcsistaul bacteria obtained with the two different methods 
appear to he of quite the same character. 

Sccoiidarj' growth of resistant bacteria is ohsen ed only in jicnicil- 
lin concentrations where a primaiy growth takes place. On this ac- 
count, then, it has to ho assumed llial the appearance of ]icnicillin 
resistance is dejicndcnt on sucli growth. 

The cxpcrinients al.so appear to show that pcnicillin-rc.sistant 
bacteria arise only after contact with ])cnicillin for some length of 
lime — in conlra.sl lo Uic prevailing theory about sjiontancous muta- 
tion. 

The variation observed hy Dcmcrec in the number of resistant co- 
lonies in suhcullurcs on penicillin agar from indc])cndcnt cultures 
could he seen only on employment of very small cultures, whereas the 
number of resistant colonics was constant when cultures of 15 cc. 
were used for this purpose. So the findings reported hy Demercc can- 
not he taken lo prove that the resistance to penicillin arises through 
s])oulancous mutations. 
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TUMOUR PRODUCTION USING POLYETHYLENE 
GLYCOLS AS CARRIERS FOR CARCINOGENIC 
HYDROCARBONS 

By Kai Seldld. 

(Received for publication November 22nd, 1948.) 

The appearance and incidence of tumours following the application 
of carcinogenic hydrocarbons to the skin is highly dependent on the 
nature of the solvent. There are, in addition, profound differences in 
the action of any solvent according to whether it is applied externally 
or by e. g., subcutaneous injection. It is not known whether the sol- 
vents depend on physical and/or chemical characteristics for their 
effects. 

Benzene, acetone, chloroform, etc. compounds have been the most 
commonly used solvents for the topical application of the carcinogens. 
Acetone has been preferred to benzene as a solvent for carcinogenic 
hydrocarbons because acetone has less effect upondhe skin.^®) Acetone 
has also been found to have a definite accelerating effect on the action 
of some carcinogens when applied to the skin. This has been attributed 
to the rvater-miscihle property of acetone."*) Epidermal carcinogenesis 
has, in general, been obtained somewhat more rapidly with acetone 
than with benzene as a solvent for e. g., 0.3 per cent methylcliolan- 
threne.^") The volatile solvents mentioned above are satisfactory as 
pure liquids with reproducible properties but applied to the skm 
sometimes produced untoward pathological symptoms in this organ, 
and in the case of benzene, caused changes in the hlood 
the host. For subcutaneous, intravenous or oral administration ey 
are of course out of the question. 

Hovvever, certain investigations, e. g., experiments with such a e 
substances which are not fat-soluhle (»cocarcinogenesis«),^ ) 
vestigations concerning the histological localization of the carcinOoCa 
in certain phases of the nuclear cycle (living cells, tissue cu 
cannot be carried out in such a media. Attempts have, therefore, me 
made to circumvent the limitation of insolubility to water. 
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The >'.solvenls« used for these purposes include e. g., colloidal sus- 
pensions in water or gelatin =) suspensions in scriim^o) glycerin/) 
aqueous solutions of soap’) »Postonak,’«) sodium desoxycholato-waler 
solutions ,’») etc. Ekwall and Sctala ^- «) have in other connections re- 
ported some observations concerning cutaneous tumours in mice when 
the skin has been painted with carcinogenic hydrocarbons dissolved 
in certain association colloids. It appeared that when painted the skin 
of mice the carcinogen (9.10-dimethyl-1.2-bcnzanthracenc) was rapidly 
assimilated and by the fluorescence microscope it was accumulated 
in the same places as when applied by painting with acetone solutions. 
It appeared further that after about 13 — 14 weeks from the beginning 
of the experiment all the animals had developed tumours. 

The writer has used some jwhjdlnjlcne ghjcols as carriers and 
spreaders for carcinogenic hydrocarbons.’-'*- ”• ”) It appeared that when 
for instance, the non-volatile »Carbowax 1500« (trade mark for certain 
polyethylene glj'cols) was used as carrier, the carcinogen presumably 
could permeate into the epithelial cells more easily, and further, on 
using dioxane (diether of glycol) instead of the above mentioned com- 
pound, the microscopical appearance seemed to be about the same as 
in the case of acetone. In another connection it appeared that treating 
the mouse skin with carcinogen dissolved in dioxane or »Carbowax 
1500« resulted after certain periods of time in multiple, progressively 
growing warts. The writer, as far as he knows, is the only one to have 
used polyethylene glycols as spreaders for carcinogenic hydrocarbons 
in skin painting. 


Material and Methods. 

The group of animals used in the present work included 280 mice 
of both sexes of a mixed strain bred in this laboratory. The animals 
were divided into subgroups, 10 mice in each. The mice were carefully 
examined twice weekly and notes made regarding their general ap- 
pearance, epilation of the skin, ulcerations, warts, etc. 

The incidence of tumours was estimated (in per cent) from the 

number of mice surviving at the appearance of the first tumour or 
tumours.') 

As carcinogenic hydrocarbons 20-mcthyIcholanthrcne and 9 10- 
dimethyl-l .2-benzanthracene (Eastman Kodak Companv, Rochester 
N. y.) were used. * ’ 

As solvents the following compounds were used: (7) reaqcnt aradc 
acetone (control series), (2) >Carbowax 1500. (Carbide and Carbon 
Chemicals Corporation, N. Y.) and (3) dioxane (L. Light & Co Ltd 
Wraysbury , Mddx.).-) The carcinogens were dissolved in dioxnne lo 

dlsposS"’'"""’'" “»»« l'»ve also been a. the », .iter's 
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Sivc a concentration of 0.03 and 0.3 per cent respectively, in acetone 
to give the concentration of 0.09, 0.03, 0.3 and 0.36 per cent respectively. 
In the case of »Carbowax« the corresponding concentrations were 0.25 
and 1.0 per cent. In the case of acetone and dioxane (i. e., volatile sol- 
vents) the mice received drops of the solutions on a large area of the 
back. In the case of »Carho\vax« (i. e., non-voIatile solvent) the animals 
were painted with the unmelted compound. The mice were treated 
two, three or six times weekly. In the case of subcutaneous injection 
the carcinogen was first dissolved in »Carbowax«, and the solvent was 
then mixed with an equal quantity of water. Then this compound was 
injected subcutaneously to give a dose of about 2 mgm carcinogen in 
0.5 ccm of aqueous »Carbowax«. 

The whole tumours as well as certain other tissues were fixed in 
neutral formalin and stained with haematoxylin-van Gieson. 


7Vie Nature of Polyethylene Glycols. 

The gls'cols are a group of aliphatic dihjfdric alcohols. The lower 
glS'^cols are viscous, clear liquids, and the higher ones are crystalline. 
The non- volatile polyethylene glycols (i.e., »Carbo'wax«) differ from 
lanolin in that they are readily soluble in water (e.y., »Carl)owax 
1500«: solubility 62 per cent at 20®.“) According to the literature the 
of a 0-5 per cent aqueous solution of this compound was 4.8 as com- 
pared with 5.2 for distilled water alone. These compounds also have the 
property of loxvering the surface tension of water, the addition of 
0.1 per cent by weight of »Carbowax 1500« resulting in a solution with 
a surface tension of 58 dyn., and a 1 per cent solution, 38 dyn. in 
contrast rvith water — which has a surface tension of 72.8 dyn./20“ ) 
Dioxane (diether of glycol) is an oily liquid, xvhich is miscible 
with water in all proportions. Both dioxane and »Carbowax« have been 
used as » detergents «. 

The writer has carried out some experiments treating, for instanci^ 
Paramaeciae with aqueous solutions of »Carbow'ax«. This compoun 
was, in certain concentrations, non-toxic to these animals (unpu isie 
data). 


Incidence of tumours. 

In the following paragraphs some illustrative series will be p 
sented : 

Acetone series (i.e., control series). , 

20-methylcholanthrene. — (Graph 1.) By the 2nd and j 

of the experiment about 50 per cent of the animals showec a is 
epilation (0.36 per cent of carcinogen in acetone). However, 
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0U9*l‘O*< o» iDa»S» 

Grnjili I. 

InckU'iicp of pulaiiooufi tumour? produced by 20-mctliylctioUuttliren(' using 
various solvents. The concoulration.« of the carcinognu; 0.3G per cent iit acetone 
fnpplicd 3 times weekly), 0..3 per cent in dioxane (applied 3 times weekly) 
and 1.0 prr cent in rCarbownx la00« (applied 0 time.-; lorri,/}/) . 

Al)Bcissae; duration of troaduent (in dtiysl. 

Oniinatos; incidence of linnour.s (in per cent). 

4lh week the hairs started to regrow in some of the aniinals, so that 
fewer mice showed complete cjhlalion. The first solitary growing wart 
appeared by the 7lli week of the experiment (f. e., after about 21 ap- 
plication.s of the carcinogen). All of the surviving aniinal.s, f. t*., about 
t )0 per cent of the mice surviving at the appearance of the first wart, 
had multiple progressively growing warts by the lllh and Tilh weeks 
of the experiment (34 applications). Macroscopical signs indicating 
malignancy were seen by the Ifllh week (20 — 30 applications). By the 
I'Gth week of the experiment there were large tumours in the treated 
area of the skin of mice (Fig. I). 

»Thc average response® in these scries was 6 y 2 weeks. 

0.10-dimethijl-1.2-'bcnz(inthracenc . — (Graph 2.) At the end of the 
1 st Aveek of the experiment a considerable number of the animals 
showed some degree of epilation, and hy the. .Oth Avcck the skit\ of 
all the mice was epilated (0.3 per cent carcinogen in acetone). The 
first Avarls'in these scries appeared in the Oth week (10 applications). 
During the following 10 day.s, i. c., by (he 6 lh and 7th weeks of the 
experiment ( 20 — ‘if) applications) the incidence of tumours reached 
the figure 100 per cent. Tiicrc was no rcgrowlh of the hairs in the 
painted area in the mice. Warts apjrearcd simnltanconsly at short 
intervals in the l 2 -calcd area at varying dislanecs from each other, hnl 
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Graph 2, 

Incidence of cutaneous tumours produced liy 9.10-dimet))y]'1.2-l)OJ]zant)iracene 
in various solvents. Concentration of 11m carcinogen 0.3 per cent in acetone 
and dioxane, and 0.25 per cent in wCarbowa.v I5D0« (applied 3 times iveekly). 

they quickly became confluent and formed a single large, and often, 
ulcerating tumour. Symptoms indicating malignancy were seen by Ibe 
loth week of the experiment (30 applications). 

»The average response« in the above mentioned series was 6 weeks. 


Dioxane series. 

20-methylcholanthrene. — (Graph 1.) At the end of the 2nd week 
of the experiment about half of the experimental animals showed some 
degree of epilation, but by the 5th week there -were no epilated areas 
in the painted regions of the mice (0.3 per cent carcinogen in dioxane). 
A new' epilation process began by the 8th week of the experiment. The 
first solitary growing wart appeared at the end of the 10th week (30 
applications). The number of tumours increased and in the 12th wee’ 
(36 applications) about 50 per cent of animals had tumours. Aflef 
this time the number of takes increased slowly at the same time as 
the hairs began to regroAV. When the experiment terminated a er 
about 16 w'eeks (50 applications) the incidence of tumours ha 'a 
creased to 70 per cent. The painted solution w’as Ave)) tolerated. (TiS- 

»The aA'erage response« in these series w'as 12 Aveeks. 

9. 10-dimethyl~l. 2-benzanthracene. — (Graph 2.) The incidence^of 
tumours varied considerably in different series. In Graph 2 txvo ex 
trenie curx'cs are presented. In the first series »the ax'erage respoas 
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was about 8% ^veeks. in other senes about 14 

Thus for instance, in the later case up to the 4th and 5th ueelcs ot 
the experiment the growth of the hairs had been slower, but not until 
by the Util week (36 applications) were the majority of the animals 
epilated in the treated area. However, during the following week the 
hairs began to regrow. All the mice were epilated in the 13th week ot 
the experiment. The first, partly solitary, partly multiple growing 
warts appeared in the 14th week (43 applications). By the 16tli week 
(47 applications) 90 per cent of the animals, i. e., all surviving animals, 
had tumours. Tlie painted solution was well tolerated. 

»Tlie average response« was 14 weeks. 


»Carboivax« series. 

(1) Skin paintings. 

20~methylcholanthrcne. — (Graph 1). — (o) 1.0 per cent car- 
cinogen dissolved in »Carhowax 1500« applied six limes weekly: The 
epilation process in the painted area of the back began in the ‘6th 
week of the experiment (35 applications). The epilation process iva.s 
comparatively slow, so that e. g., in the 15th week there was a distinct 
regrowtli of the hairs in all animals. The first solitary growing wmrt 
appeared in the lOlIi w’cek (62 applications), then the number of 
tumours increased so that the incidence wxas 50 per cent (i. e., of all 
mice surviving) after 12 ivecks (90 applications). The incidence was 
100 per cent in the 17th w'cek (100 applications). Symptoms indicating 
malignancy w^ere observable by the 20th week of the experiment (115 
applications). WJien the experiment terminated the majority of the 
animals had large, ulcerating tumours (Fig. 11). 

»Tlie average response« w’as 12 wrecks. 

(6) 0.25 per cent carcinogen dissolved in »CarhoiYax 1600« applied 
three times iveekly: The epilation process began in the 9lh w’cek (26 
applications). The first tumour appeared by the 18th week (54 ap- 
plications). 

»Tlie average responses in these series w’as 21 w'eeks. 

In both series mentioned above the mice gained in w'cight sug- 
gesting that the painted medium w’as ivell tolerated. 

9J0-diinethijl-l.a-benzanthracene. — (Graph 2.) There was no pre- 
ceeding epilation, as generally seen in the experiments of this kind, 
in these series, but the epilation and the appearance of tumours de- 
veloped simultaneously. The first warts appeared in the 10th w'eek 
of the experiment (30 applications). After this the incidence of tu- 
mours increased, and 50 per cent of all animals had tumours by the 
2th w'eek (85 applications). All the mice had wmrts after 18 
weeks from the beginning of the series. The first signs indicating 
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malignancy appeared by the lllh .veek. There were considerable dif 
ferences in the size, appearance and multiplicity of tumours (Cf Fm 
/ and 8). The painted medium was well tolerated. 

»Thc average response« was 11 weeks; 


(2) Snbcutaneom injections. 

20-metIwlcholanthrene. ~ The first subcutaneously situated iu- 
mours appeared by about the 14th \s’eek of the ex}rerin\enl. The in- 
jected media was well tolerated in general. However, in some mice 
there developed cutaneous necroses at the site of injection. 

tJ.lO-dimefhgl-i .2-benzanthracene. — - The subcutaneously situated 
tumours appeared at the same time as in the foregoing cases. In one 
case (mouse No. lO/f) there was a great, ulcerating and expansively 
growing tumour resembling cutaneous carcinoma macroscopicaily (Fig. 
14). The injected medium was, in general, well tolerated. 


Microscopical Appearance. 

In the followings paragraphs some microscopical data on tumours 
induced by two carcinogenic hydrocarbons in polyethylene glycols vill 
he given. A more detailed description will be given later on. 

Acetone series (for control purpose). — The most common type 
of mouse tumours induced by 20-methylcholanthrenc and il.lO-di- 
methyI-1. 2-benzanthracene dissolved in acetone was the squamous cell 
carcinoma with cornification (Figs. 2 and 3). The tumours in the 
present series differed in no way from those reported in the literature- 
The nncornified squamous cell carcinomas and the ordinary basal ceil 
carcinomas were not seen in these series. It was interesting to note 
that in the 9.1 0-dimethyl-l. 2-benzanthracene series, at the time when 
the experiment terminated, there were numerous tumours sbowmg 
acuminate papillae lipped xvith heavy masses of horny material, 
no distinct invasive properties (Cf. the dioxane groups). 

Dioxane series. — The dev'elopmenlal stage of the tumour foci, as 
well as the external appearance of the neoplasms varied greatly eu 
in the same animal. There was no direct correlation between 
of the tumours and their microscopical appearance. Even in sma ^ 
mours there were often highly invasive properties observable ( • ^ 

4, 5 and 6). In the majority of cases instead of normal keratmiza 
the tumour cells had undergone parakeratotic changes as 
instance, in Fig. 5. The mitotic activity varied also 
the same tumour, and in some tumours with definite morp io o^^^ 
characteristics of malignant proliferation there were no mitohe i&i' 
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observable. la general, the tumours in these series were identical m 
all morphological respects to those seen in experimental carcinogenesis. 


^Carbowax<!: series. — The group of mice treated with the carcino- 
gens mentioned dissolved in the non-volatile »Carbowax« showed a con- 
siderable incidence of tumours, both innocent and malignant. The 
microscopical appearance did not differ from that seen in the foregoing 
series. Thus the neoplastic tissue has very often undergone para- 
keratotic changes (Fig. 12). There were often large areas with numer- 
ous mitoses (Fig. 13). As in the case of dioxane there was no direct 
correlation between the size of the tumours and the histological 


malignancy (Cf. Figs. 11, 12, 13 and 8, 9 and 10). 

In the cases of subcutaneous injections the treatment resulted in 
subcutaneously grooving sarcomas (Fig. 16). Sometimes, as seen in 
Fig. 14, the injected material could be seen to reflow through the in- 
jection channel. The treatment at times resulted in tumours consisting 
of either neoplastic tissue of epidermal origin or of more complex 
material infrequently associated with hyperplastic or sarcomatous 
proliferation of the elements of mesenchymatous origin of the cutis. 
Thus e. g., in mouse No. lO/I there was squamous cell carcinoma with 
cornification (Fig. 15), and fibro-sarcoma. 


Conclusions. 

The experiments above demonstrate that both volatile (dioxane) 
and non-volatile (»Carbowax 1500«) polyethylene glycols are capable 
of acting as solvents and carriers for 20-methylcholanthrene and 9.10- 
dimelhyl-1 .2-benzanthracene in skin carcinogenesis in mice. When 
comparing .the effectiveness of the solvents mentioned above, it ap- 
pears that the epilation process is somew’hat faster in the acetone series, 
but varied considerably in the dioxane series. It was very stow in the 
»Carbowax« series. Both in the dioxane and »Carbowax« experiments 
there is, sometimes, a distinct regrowth of the hairs after the primary 
epilation wave. Sometimes no epilation of the painted area was seen 
at all. »The average response<i; (the 50 per cent incidence of tumour- 
bearing animals estimated from the number of mice surviving at the 
appearance of the first tumour or tumours) in the dioxane series va- 
ried greatly. Sometimes it was nearly the same, sometimes, how'ever, 
twice longer than that in the acetone series. In the »Carbowax« series 
it was also longer than in the acetone experiments. 

The evidence presented is satisfactory proof that, the epidermis of 
the mouse is capable of producing a great number of tumours, both 
innocent and malignant, when certain polyethylene glycols are used as 
spreaders for the carcinogenic hydrocarbons in question. The neo- 
plasms produced by carcinogens dissolved in these compounds differ 
microscopically in no way from those seen in skin carcinogenesis in 
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»CarIJowax 1500« is a solvent about equally suitable belli for skin 
paintings (in the melted or unmelted state) and for subcutaneous in- 
jections (in weak aqueous solutions). 

The polyethylene glycols mentioned above have a particular char- 
acteristic: they are readily soluble in water. This is a very iinportanl 
quality, for instance, in studies concerning cocarcinogenic phe- 
nomena.^^) By using polyethylene glycols as carriers it is possible to 
give simultaneously both water-soluble added substances (e.p., col- 
chicine, Seidia) and the ordinary fat-soluble carcinogen. 

The mice gained in weight during the experiment suggesting that 
the medium is well tolerated. It also appeared in another connec- 
tion that e. g., »Carhowax 1500« in aqueous solutions is non-loxic lo 
Parameciae (unpublished data). When the experiments terminated in 
the present series no symptoms were seen indicating lymphatic pro- 
liferations as sometimes has been mentioned in the literature.®- ®--‘) 
The investigations are being continued. 

Grateful acknowledgment is made to Prof. B. Collander, Ph. D. for valuable 
advice during tire course of tliis work, to Miss Kerllu Big, assistant apo- 
thecary, for the preparation of the compounds used, and to Mrs. lida Tiiruncn 
for the care of the experimental animals. 
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50 applications (5 x wly) of /.fC (0.36/-') 
in acetone. 



Fill. I. 

Mouse ;ts/l troali'd witli •»’!). iiii'lliylrlioliiiiitireiU' ilissohcil in iir>'li>iie. 
Macroscopinilly tualidnaiit tuiiionr. 


'I \h 




Fig. 5. 

Biopsy specimen from the tumoui’s 
seen in Fig. 4. — Squamous cell car- 
cinoma with cornification and pa- 
rakeratotic changes. 


Fiq. 6. 

Same section as in Fig. 5. 

magn. 
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Fig. 7. 

Mouse 35/X treated witli 9.10-dimetliyl-1.2-benzanthraccnc in »Cavbo\vnx 1500 
Macroscopically malignant. 


60 applications (3 x wly) of DiSBA (0,25p) 
in ’'Ca^T'bowax-1500'' ^ 




■ r 'i-* 

, . ... 'ii" * . 


Fig. s. 


, . ^ Qin riimethvl- 1 2-benzanthracene dissolved in >>Cav))o 

Mouse 35/1 treated with ..ptainlv malignant tumours, 

wax 1500«. Macroscopically not cenainiy 






Fig. 9. 

Biopsy specimen fro: 
seen in Fig. 8. ■ The 
reaching to the pann 
and to the mu 




2«S 


4, 1943. 


129 aj-pldcBtlons (6 x wly) of h’C (1-Opj) 
in "Ca rbovvcx- 1500" . 


Fid. /<. 

Mouse 21/1. Cutiiiicous (uinour willi maci-oscopically in.'iligiuiiit proporlies. 
Trentinoiit, witli 20-inolliylcliolanllir('iK* in )'Cni’J)o\vax IoOOk. 
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Fig. U. 

Mouse lO/I. Tumour consisting of both q 

ponents occurring after subcutaneous injection of 9.10-dimethjl 1 .^ benzan 
thracene in aqueous »Carbowax«. 



Biopsy specimen 


Fig. iS. 

from the tumour seen in Fig. 14- Squamo 

carcinoma with cornification. 


coll 
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Fig. i6. 

Spindle cell sarcoma. Biopsy specimen from mouse 20/1. The tumour oc- 
curring after subcutaneous injection of 20-me(li}icholantlirene in aqueous 

»Carbowax«, 
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EXPERIMENTAL IMMERSION-FOOT IN RABBITS 

Bj” Leiv Kreybcrg. 

(Received for pubiication November 25tb, 1948.) 

In a previous paper the author (1946) stated that, in spite of the 
kno\Yn fact that long exposure to moderate cold is the background of 
immersion-foot, trench-foot and similar conditions the development of 
these conditions has not been observed from hour to hour during cx- 
230sure, so that our conception of their development is based upon 
fragmentary information, and our conclusions are drawn from ana- 
logy. 

Th. Lewis (1942) in an experimental study on man concluded that, 
when an extremity is cooled, as by immersion in cold water (5° C) 
it sxvells. This increase of volume occurs both in the skin and sub- 
cutaneous tissue, and may within 3 hours amount to as much as 15 % 
of the original volume. The swelling is due mainly to an edema of 
the tissues, judged to be inflammatory from its relatively rapid out- 
pouring and from its relatively high protein content. The contribution 
in the form of imbibed water is very slight. From this and correlated 
evidence it seems that cold directly injures the skin and subcutaneous 
tissues. This effect begins at about 15° to 18° C. and increases as tbe 
scale of temijerature is descended. 

Brown, Wise and Wheeler (1947) confirmed these observations, 
using a more refined techniqvre, the pressure lolethysmograph. The> 
also confirmed an older observation by Landis and Gibbon (1933), t ia 
cold reduced the rate of reabsorption of previouslj'^ filtered fluid. T 
found that this disturbance of fluid removal is compatible with a re 
diiction of the effective colloid osmotic pressure of the plasma 
amounting to approxicately 10 cm water. 

Brown and Landis (1947) on the other hand concluded that dunn.J 
local cooling of the frogs mesentery, no signs of capillary 
of leakage of protein from the capillaries appeared until a er 
tissue had been frozen. . . -.j 

Lange, Weiner and Boyd (1948) exposed the hind legs o ia> 



to ico-Nviler and found, llial after iimuersiou. the teiniierature goes 
d«nvu rapidly, l.ul does not reach the ltMUl>eralure of ^ 

^v•ltcr even after several days. After intravenous injechon of fluores 
oe'in a dclavcd and less concentrated staining of the cooled area is 
found, as compared to the normal side. Severe swelling occurs dunng 
the exposure, it is quite noticcahle after ‘>l hours, and severe aftci 

fortv-eighl hours. , 

The occurrence of edema after prolonged inoderate cooling has heen 

an >'cvervdav-x ohservation in ))otnilalions living in cold climates. 

The infonuation ahout the early vascular resiionses to local cold 
is however, still fragmentary. The brief summary of the exi>enmenls 
reported uimn ahove shows that evidently the response of different 
animal species varies, if not in jiriiiciple. at least in degree. 

The present experiments in many rcsjieels follow the techni(|ue 
described by Lange. Weiner and Hoyd. 1ml a few more delaits have 
heen investigated by a comhinalion of different exiierimenlal methods. 


i:xPii:uiMii:N"rs 

Trrhtiiiiiir. 

liahhilx have heen used as ex)>rriinemid aniinuls. The animal material 
lias (leliheratoly heen made iKin-imiform with the purpose of .seeing the re- 
levant reactions as far removed from individual variations of response, as 
possible. In the experiments were used aiiiinnls of hoth .sexes, of a series of 
ilifforenl coat colours and of varying age and weight. .Ml animals were, how- 
ever, in a very good tuUrilional state. .■\s a matter of eeonomy the .same ani- 
mal has heen used for diffi'reiil ohservations during one experiiuem. ami in 
several animals holh legs were used id different periods. 

7->;)o.v It re (» rold. The animals wt-re strnpjted to a strnetnre. as shown in 
I'ig. 1, with the hind limhs projecting tlirmigh holes in the holtom. fine leg 
at the time was immersed in a (ail sipiare glass jar filled with water ami 
ice cnlies. if iilenly of iee is jiresent the lempei-aUire in the wider ranges he- 
tween 2° ('. ami .')° C. If the iee is nearly melted and onl\‘ fragments art' pre- 
sent, the temperature may come nearly up to C, ami prohahly is still liiglier 
very elo.se to tlu‘ liinli. Oi'eal rare has Iht'refore lieeii exeidi'tl to see that Hit' 
glass eoiilaiiis ideiity of iee, and that the euhes always are close to (he shin 
of tlie limh, .-V eoustaut ]iersomd vigilauee has heen enforced, even in the 
pi olongod exjieriments. f.\ teehnieal apparatus, a.s de.serihetl in thf' experi- 
ments of I.ange, Weiner ami Hoyd is out of lln‘ question in onr lahnridory. 
owiiig to lack of fumls and technical fncilitie.s). Any interruption of the eoii- 
tiiuhty of the exiiosni e will lead to eonfnsing |■es^ll|s. The limh was immor.sed 
in (he ice-water up to, ami iueluding the lower third of the thigh. The hairs 
of (he whole leg ami thigh were removed, usually hy .shavin.g, liolh on (he 
oxpenmeutal ami on the eoiitrol side. This was done in order to observe the 
vascular changes, as well as to olitain a stronuer ('xnosnre 

The sl;in tcwpi'.raiinr 
Indu.strielle, Paris) with a 
quick ami direct in ceiUigrades 

Mema was diagno.sod in diffei'cnl. wa.v.s. partly tlirnugli direct oliservi- 
lion of tlic .swelling of (he limh and (he Ihickeiiiug of (he skin partly liv 
meiisunug the circumference of identical nivoans of the expos,'.,! .u„i i 


conger ('xposnre. 
was mea.snred )>y a Ihermocniiple {la Pyroimdrie 
coiilacl disc of l.*i mm diameter. The reading was 
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by microscopy. After 24 hours exposure, the edematous fluid may be collected 
through puncture. 

Intravenous injection of lithium-carmine (2.5 %) was used as one of (lie 
means of obtaining information about the vascular reactions and the slate 
of the blood circulation in the exposed area (Kreyierg and Rolnes, 1931). .An 
increased staining of the tissue by this colloidal dye may be caused either by 
an increased blood flow, even with the maintenance of normal permeability, 
or by an increased permeability in spite of normal, or even reduced blood 
flow. A combination of increased permeability and an increased blood flow 



Fig. i. 

will evidently give the strongest response^ The ^Dserv^^^^^^^ methodfto give 

staining will therefore have to bee supplemented ny 

a full answer. . ^ ^ Co, N- T-) 

inmnom of Lwnation «itl. » 

as described by L«nge and Boyd and enters the ns» 

Other methods. This dye has a muc . , . This ingenious meth 

quicker and in larger Stance of the streaming blood into a 

also gives a quick reply as to the ° to the blood will preven 

tissue area. Any mechanical or ^Jea^vill stand out shai-ply against 

the dye from entering the area, , f the jar holding the ice-v'aj 

the brilliant yellow surroundings. The glas of ^ practically all the 

in this experiment had ^ ’ 'l^^ence ?rpenetrate. Nun’S® J 

ultraviolet rays, used to show the ^ a Si difference for the diagnosis, 
servations showed, that it made no jj^ed in the 

whether the limb was lifted out of l^r carried out continuous 5, 

is of great importance, as the observation can he c 

without any disturbing interruptions of to obtain inforina- 

Subcutaneous injections of ^ into the general circulation. TJ 

tion about the return of the tissue «uid ’O'o ^^„der ultraviolet hgW- 

local deposit can easily be seen tlnough the ski 
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The diffuse spread, as well as the filling of the lymphatic vessels can he 
followed in detail, and when the dye is rcsorhed in sufficient quantities, it 
can he diagnosed in the general circulation hy the staining of the skin, 
mucosas, and especially the eyelids. Tests were perfoi'mcd with drops of 
blood from the ear, in the hope of getting an easy test for the amount in 
the general circulation, but it turned out, that the observation of the ej'clids 
was a finer and more reliable method. 

Autojysies under vUraviolet illumination were performed in some of the 
animals after local injection of fluorescein. The local deposits, as well as the 
spread through the blood vessels and the lymphatic channels can be followed 
in detail. The excretion through the kidneys and the liver ^an also be followed 
step by step, including the passage from the gall bladder into the small 
intestines, through peristaltic movements. 

Observations during the period of exposure. 

Within a few seconds after the immersion of the leg into the ice- 
\vater, some animals show a local tonical spasm of the skeletal and 
the skin muscles. A similar reflex can also he observed on the control 
side. 


Table I. 

(Edema formation.) 


Rabbit no. 

Length 
of exposure 

Edema 

KK 1/48 
cJ, albino 

1 800 g 

434 h 

(1015—1500) 

No edema (right leg) 

KK 11/48 

2, black 

3 010 g 

5 h 

(0945—1445) 

Edema (left leg) 

KK 5/48 

2, albino 

4 500 g 

534 h 

(0900—1445) 

Considerable edema (left leg) 

KK 10/48 
cJ, »wild tvpe« 
2 850 g 

6 h 

(0900—1500) 

Moderate edema (left leg) 

KK 2/48 
cJ, albino 

3 200 g 

6 h 

(0920—1520) 

1 8 h 

(0920—1720) 

Edema 

Marked edema 

KK 3/48 

6, silver 

4 200 g 

1214 h 

(0900—2115) 

Marked edema 

Circumference; exposed side 11 cm (left) 
(thigh) control side 9,5 cm (right) 

KK 17/48 

2, albino 

2 800 g 

231/0 h ■ 
(0830—0800) 

Very strong edema 

Circumference: exposed side 14,5 cm (right) 
(thigh) control side 12 cm (left)^ 
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In jnost animals, but to a varying degree, fibrillary contractions 
of the skin and the skeletal muscles can be seen after half an hours 
exposure, and the contractions may continue for as long a period as 
any experiment in this series has been carried. 

T/ie colour of the skin during the first 15 to 30 minutes of immer- 
sion is slightly cyanotic, but later it turns bright pink, and stays so 
for the rest of the experiment, with the occasional interruptions of 
white spots, which may come and go from time to time. After 18 to 
24 hours exposure the edema gives the skin a pasty whitish-pink ap- 
pearance. 

Edema appears at slightly different times in the various animals, 
but after 5 hours exposure all animals examined have shown a definite 
edema, as indicated in Table I. 

Histological preparations show that the collagene bundles of the 
corium are separated by fluid, and a gelatineous tissue is found be- 
tween the skin and the superficial fascia. Also the skeletal muscles 
show edema. 

The arterial blood flow in the exposed tissue has been examined 
by two different techniques, viz. the measuring of the skin temperalurc 
and the observation of the penetration of fluorescite into the tissue. 

a) The skin temperature to a certain degree indicates the rate of 
the arterial blood flow. In a series of animals the skin temperature 
w’as measured. The limb was lifted out of the ice-water, dried quickly 
and very gently with fine cellulose, avoiding delay and massage. The 
temperature was read within 10 to 15 seconds after the limb was out 
of the Avater. The results of the readings are collected in Table II. 

Table H. 


(Skin temperature). 


Rabbit no 

Length 
of exposure 

Temperature 

( Exposed leg j Control leg 

Room 

KK 16/48 
$, albino 

4 500 g 

1 h 

2 h 

12 h 

1 10,5° C 

i 10° 

1 9,5° 

! 

32° C 

32° 

30° 

22° C 

22° 

21° 

KK 17/48 
$, albino 

2 800 g 

1 b 

2 h 

12 b ! 

24 h ! 

i 9,5° 

i 9° 

9,5° 

12° 

31,5° 

31° ^ 

30° i 

i 

i 

i 22° 

21° 

KK 14/48 
albino 

.8 700 g j 

7 h 1 

11 h i 

.1 

11° i 
11° 

1 

i 21° 

30° j 22° 

KK 11/48 i 

2, black 8 h 

3 010 g 

11° 

1 

32,5° j 

23° 
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Results: In the course of one hour the superficial skin temperature 
is very close to 10° C, and stays so, remarkably constant, up to 24 
hours, the longest period examined. This is in complete agreement 
with the findings of Lewis, and Lange, Weiner and Boyd. The tem- 
perature of the other leg drops 2 to 4 degrees centigrade from the 
normal, and usually staj's so for the period examined. 

b) Penetration of fluorescein into the superficial vessels of the skin. 
After intravenous injection of fluorescein the mucosas and the normal 
skin turns yellow in a couple of seconds. The entrance of the stain 
into the cooled limb was observed after varying time of eximsure. The 
observations are collected in Table 111. 


Tabic III, 

(Intravenous injection of fluorescein). 
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Rabbit no 

Length 
of exposuz’e 
when injected 

General 
staining 
(mucosa and 
skin) 

Development of the staining 
of the exposed limb 

KK 19/48 
S, albino 

3 050 g 

1 

12 h 

(0830—2030) 

I 

Immediately 

2035 h a little yellow on tlie back 
of the thigh 

2040 h a faint diffuse yellow- colour- 
ing, not in small spots 

2050 h increasing intensity 

2110 h a distinct yellow marbeling 
on the leg 

2130 h nearly 75 % of the area bright 
yellow with darker spots very 
like the control side 

KK 18/48 
$, albino 

4 900 g 

1 

15 h 

(0830—2330) 
(left leg) 

Immediately 

1 

2332 h large yellow spots 

2335 h approximately 1/4 of the area 
yellow 

2345 h increasing colouring 1/3 of 
the area 

2400 h a dense and small spotted 
colouring of half of the area 
2430 h increasing staining, but still 
unstained areas 

KK 17/48 
?, albino 

2 800 g 

18 h 

(0830—0230) 

Immediately 

0231 h large yellow areas 

0235 h larger areas yellow than not 
yellow 

0240 h all stained except small area 
outside the knee 


Results: During the first hours of exposure a spasm is established 
in the terminal arterioles and venules of the skin to the degree of 
nearly completely excluding any entrance of fresh blood to the super- 
ficial capillary network. The second to fourth hours of exposure show 
a very strong maintenance of this condition, but gradually from the 
sixth to the twelwth hour of exposure this hindrance is lifted and an 
animal exposed for 18 hours shows a complete staining, i. e. entrance 
of fresh blood in the course of 10 minutes after intravenous injection. 
This is, however, still a reduced inflow of fresh blood, as compared to 
the normal limb. 

Removal of tissue fluid is normally effected through a combine 
process of resorption through the smaller veins and through a lymph- 
atic drainage. This process of removal has been examined by the 
injection of fluorescein subcutaneously. Through a long and fine 
canula, 0.5 cc of the dye was injected into the loose connective tissue 
between the skin and the superficial fascia. A series of control oi- 
servations were made in the normal leg of the same experimenta 
animal, or in other rabbits. The results of two control experimen s 
are summarized in Table IV a. 
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Tabic IV a Control series. 
(Subcutaneous injection of fluorescein). 


Rabbit no 


Injection 


Local development 


Appearance in 
general circulation 


KK 12/48 
? , albino 
4 800 g 


1010 h 
[right leg 


KK 14/48 
2, albino 
3 700 g 


1905 h 
[(left leg) 


1010 li a complete yellow disc, 

oval 2 x 3 cm diameter 

1011 h fine lymphatic extensions 
1014 h centre of disc dark and a 

1 mm wide yellow border 
1020 h upper part of disc shows 
a ragged contour 
1025 h a 1 cm wide yellow border 
and long lymphatic exten- 
sions 

1040 h very long lymphatic exten- 
sions towai'ds groin and 
anal region 

1055 h 


1110 h dark centre, 1,5 cm in dia- 
meter, and a great diffuse 
spread of the stain 


1905 h a complete j-^ellow disc 
1910 h l3'mphatic spread 
1915 h upper part shows ragged 
contours 

1920 h a diffuse and considerable 
spread 

li j^ollow area greatly in- 
creased and large lympha- 
tic vessels 


Ej'clid faizit j^ellow? 


Eyelids definitely 
j'ellow 

Marked staining of 
eyelids 


1935 


1950 


Eyelids faint j’-ellow? 


a series ot conlrol'nnimTs“Xrder!rfono,)n^^^^ 
resorption ot the stained tiuid. The results arfconeewTTabrJrh' 

Table IV b Control scries. 


Rabbit no 

Duration of 
resorbtion 

.Observations at autopsj’^ 

KK 25/48 

6 , grey 

2 100 g 

7 minutes 
(1016—1023) 

1 

the lymph vesS Sto? 

Liver and gall bladder yellow 

stamec, nrine stained, 'hoca: ’ hroHisSrS 

KK 9/48 

6, silver 

2 850 g 
(left leg) 

1 hour 
(1025—1125) 

lymph vessels limiudtoe The B,”o mucosSTTHr 

Staincfl, Kidnevs urefhe,.! * si'sam duct intensely 
yellow. Liver a Sor .„a"o “‘“f 

mtesllne yellow The l„ea, pJa sV^ 


20 
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Results: The observations in vivo and by autopsy showed, that 
during the injection a few lymphatic vessels may be filled mechanically 
under the pressure of the injection, but the main bulk of the dye is 
deposited as a strictly localized mass, which immediately forms a 
brilliant yelloAv disc under ultraviolet illumination. During the next 
minutes, the centre of the disc often turns dark, and a fine border, 


Table IV c. Exposed series. (Ctv, IV a). 


1 

Rabbit no 

Length of 
exposure 
when 
injected 

Injec- 

tion 

Local development 

Appeai'ance 
of dye in ge- 
neral circula- 
tion 

KK 20/48 
albino 

4 600 g 

1 h 

(1000—1100) 
(left leg) 

noo h 

1 

1105 h sharp limitation, a 
few lymphatics filled 
1115 h more Lymphatics 

1200 h a well developed net- 
work of lymphatics, 
Diffuse limitations 
1300 h increasing ramifica- 
tion and more ragg- 
ed outlines 

1400 li no change 

1530 h a slou' peripheral 
spread 

1 

No staining 

No staining 

No staining 

No staining 
( 41/2 h) 

KK 5/48 
albino 

4 500 g 

3‘h 

' (0900—1200) 
(right leg) 

' 1200 h 

1 


1445 h no ge- 
neral staining 
(2% 10 

KK 11/48 
$, black 

3 010 g 

5 h 

(0945—1445) 

1445 h 

1 


1645 h no ge- 
neral staining 
(3 h) 

KK 20/48 
albino 

4 600 g 

10 h 

(0900—1900) 
(right leg) 

1 

i 

! 

i 

1900 h 

t 

I 

1 

1 

1910 h disc expanding slow- 
ly, fine lymphatics 
1920 h ragged outlines all 
round 

1930 h many distinct vessels 
2000 h very ragged outline, | 
especially towards 
j the groin i 

2030 h increased staining 
2045 h very widespread 
staining 

2100 h no change 

1 No staining 

1 

No staining 
Faint staining 
of ej^elids? 

No staining 

i (2 h) 

KK 16/48 
albino 

4 500 g 

20 h 

(0830-0130; 

0430 h 

i 

i 

1 

1 

1 

0434 h upper contours 
ragged 

' 0445 |j disc is spreading, se- 
! verai lymphatics vi- 

1 sible 

0530 h further peripheral 
spread 

0800 h strong local diffu- 
sion 

1 

1 

i 

No staining 

No staining 
( 31/2 h) 
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Table IV (1. Exposed senes. 
(Cfr. IV b). 


Rabbit no 

Duration of Duration of 
c.xposurc j resorption 

Observation at autopsy 

KK 11/48 
$, black 

3 050 g 
(riglit leg) 

1 hour 
(1050— 
1150) 

7 minutes 
(11 no- 
li 57) 

: 

Considerable loc.al diffusion. Local 
lymph vessels stand out bi'illiantly 
stained, including the; iliac lymph no- 
des. From the branching off of the kid- 
ney vessels no staining. Kidneys, blad- 
der and gall bladder not staino'd. Tho- 
racic duct not stained. Loc-al blood ves- 
sels not stained. 

KK 20/48 
$, albino 

2 900 g 

■ 

2y.i hour 
(0930— 
1145) 

1 

1 

1 

1 hour 1 
(1015— . 

114.5) ; 

i 

Consideridile local sjeread. I.argei- lym- 
phatic vessels intense yellow, including 
the thoracic duct. 'J'he kidney surface 
shows a stellate ycdlow staining. Uia'ne 
yellow. Liver and gall bladder faint 
ycdlow. Intestines not stained. I.ocal 
veins faint yellow. 

i 

KK 27/48 . 
S, »wilcl (.« 

3 220 g 

9 hour.s 
(0900— 
1800) 

i 

i 

i.\ definite edema in the cooled area. 

7 minutes i ’•’•'f' Jnc.al spread is moderate. Lym- 
( 175 .‘ 1 _ iPhalic vessels are stained up lo the 
1.300) including swollen iliac: nodules. 

1 Kidneys and gmll bl.adder not stained. 

1 Thoracic duet not stained. 

KK 28/48 1 
2, alb. 1 
3 950 g j 

1 

! 

21 hours 1 
(0815— ' 

0830) 

(next clay) 

j rather ciuic:k local sprc'ad of the dye, 

7 minutes »mnsses of smokc'c under the skin 

(0S3,3— ] (edema). No lymphatics visible. .At 

OS.30) I'lninp-^v no lymph vc'ssels stained, not 
■even the iliac. No staining of the kid- 


- - iM, 01 iiio 

;iip.vs, iii-iiK', liver oi- ^r^ii 


a few inilhmeter wide only, remains yellow. In llic course of the fol- 
OAMng o to 10 niinnlcs, the contours of the disc l)cain to lie i-ur,t i 
and the dye ia dim,,,od i„,„ ,„e s„, r„,„nlin« c„ l-lTiv , s e Mhl ' 

r;, --vV;, r 


At aulojisy the regional JympJialic drainage can casilv he fnlln^ven 

ccnlration lo give 11, e in-ino 1„ 11, 'c !,la ,, er • ' "toel'n " 
wise tlio gal|.l,I.idiloi- is slaincd Aflcr dV le rn 

passed into the general circiil'ifinn * minutes the dye lias 

>'.e eyelids and ^ nl^^ ai ' l.e e'^^^rref"^ 

seen a good way down the small infeuf r , ^ 

evacnalion of the intestinal contents. ‘ pcrislaltie 

Similar experiments were nerformn,! n 

perioimcd on the exposed limb, the snh- 


20 * 
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cutaneous injection being given after different periods of exposure 
The results are summarized in Tables IV c and IV d. 

Results; The local spread and the resorption in the cooled limb is 
greatly retarded. In the animals with a long exposure and heavy ederaa, 
the character of the local spread is to a certain degree influenced by 
the edematous fluid. The filling of the lymphatic vessels seems to be 
hindered, and the stain more stagnant in the edematous tissue. This 
condition seems to be constant, or increasing, in contrast to the op- 
posite process, that of entrance of fluid into the local blood vessels, 
which is more abundant after 12 to 24 hours than at the beginning of 
the cooling. 

Vital staining with lithium-carmine. In a series of animals staining 
of the skin by lithium-carmine after intravenous injection has been 
observed. The results are summarized in Table V. 


Table Y. 

Vital staining with lithium carmine during exposure. 


Rabbit 

no 

Total expesure 

Length of 
exposure before 
injection 

Period of 
staining 

Local staining 
‘ of the tissue 

! Edema 

! 

KK 10/48 
Q, nvildt.* 

2 800 g 

6 h 1 

(0900-1500) 

3. 

(0900-1200) 

3 h 

(1200-1500) 

i 

I 

i 

1 

Moderate 

t 

KK 6/48 
9, albino 

3 OOOg 

1 12 li j 

1 (0930-2130) I 
I (right leg) 

i 

' , 

! Oh 1 

' 

12 h 

(0930-2130) 

0 

( 

Considerable 

» _ 

KK 13/48 
o, silver 

3 090 g 

1 

j 8 h 

! (0900-1700) 

i ' 

4 h i 

(0900-1300) 

(1300-1700) 

J 

1 

1 Faint 2 

i 

1 

.Some 



Results: During the first 12 hours a very low concentration of 
lithium-carmine is found in the tissue of the cooled 
the occurrence of edema. To obtain a staining of le iss e^ 
than that on the control side a prolonged cooling is „ 

From the 12th to the 24th hour of exposure, however, an mcrc.isi „ 
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. staining can be seen- and after 18 to 24 hours of exposure, the staining 
is much stronger than on the control side. _ 

The specific araviUj of the cc/i-free clam, 
after Phiiiips and mi. Shjkc in a single ense (rahbit Kit 10AI8) 

after 22i/^ hours exposure. The specific gravity was 1.011, corresponc - 
ing to a protein content of 1.14 g pr. 100 cc. 


Discussion and Conclusions. 

The experiments reported upon give a rather dear picture of the 
character of the early circulatory changes in the skin of rahhits during 
the local exposure to moderate cold. 

Nearly immediately after the immersion into the ice-walcr, a local 
spasm of the terminal arterioles and venules of the skin occurs. At 
the same time a dilatation of the sujierficial minute vessels takes jilacc, 
wherehy a stagnant mass of blood is captured in the surface vessels. 
After a couple of hours the spasm is slightly reduced, i)ermilling a 
trickle of fresh blood to enter the .superficial vessels. Tlic s])nsm con- 
tinues to be less complete, but even after 18 to 24 hours the circulation 
is greatly reduced as compared with the normal side. 

Corresponding to the reduced inflow of fresh blood to the super- 
ficial vessels, the fluid resorption and lymphatic drainage is greatly 
reduced. But whereas the entrance of fluid increases during the cooling 
and is reinarkahly augmented after 24 hours of cxiiosure. the drainage 
of fluid is still very poor, and possibly even decreased. 

Tlie constant temperature of the skin ])oints to a regular blood 
flow in the deeper layers, proh.ahly effected through direct arterio- 
venous connections. 

Edema occurs after some 4 to 6. hours cooling, and this edema is 
probably mainly the result of the reduced fluid resorption and drai- 
nage. The main supjiorl for this view is the very jmor circiilation on 
one hand and the complete absence of staining by lithium-carmine, on 
the other hand. After 12 hours, or more, the edema changes in char- 
acter, lithium-carmine appearing in the fluid. After 18 to 24 hours 
exposure the staining by lithium-carmine is very marked. This strong 
staining cannot be explained by the increasing influx of fresh blood 
in the cooled, area, only, as the staining is much stronger than on the 
control side, in spite of the heller circulation on that side. The in- 
creased staining is caused by an increased vascular permeability. The 
high protein content of the edematous fluid confirms this conclusion. 

The mechanism of the vascular responses during the first 24 hours 
of cooling in the r.abbit seems to be a twofold: First, a functional, jdiv- 
siological response in the form of an adaptation through vasoconsl no- 
tion. This results in a moderate edema, probably mainlv caused bv a 
hindered resorjilion and drainage from the constricted vessels Second 
a pathological response to tis.suc damage, with increased vascular 
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permeability, and a much stronger edema. This second response re- 
presents the early vascular phase of inflammation. The full inflam- 
matory reaction is, however, through continued cooling, cheeked by 
the vascular spasm. 

The observations recorded here, and the explanation advanced in 
this discussion hold good for the rabbit. The observations, as well as 
the explanation, deviates from the conditions for man, as put fore- 
ward by Lewis, and Brown, Wise and Wheeler. In man the edema 
seems to be rich in protein from the very beginning of the cooling. In 
the frog, on the other hand, Brown and Landis do not find any in- 
creased permeability. The rabbit, therefore seems to be in an inter- 
mediate position. This animal is adapted to wet and damp ground, 
and without any artificial protection. We may subject the rabbit to 
a cooling, which would give man, the tropical animal, severe tissue 
damage, but the rabbit will show moderate changes. A few hours in 
ice-water will produce a marked inflammatory edema in man, no 
reaction in tire frog, and a light physiological response in the rabbit. 
The protracted reaction in the more cold-resistant rabbit, may reveal 
a series of stages- which may be present also in man, but difficult to 
observe, because of the rapid sequence. 
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SENSITIVITY OF HEMOPHILUS DUCREYI TO PENI- 
CILLIN, STREPTOMYCIN AND SULFATHIAZOLE 

By Flemming Rcymann. 

(Received for publication November 27th, 1948.) 

In the course of systematic investigation into the bacteriolog5' of 
Hemophilus Ducreyi, a determination was made of the sensitivity of 
this microbe to penicillin, streptomycin, and sulfathiazole. Very few 
examinations have hitherto been published about this subject, and as 
the greater part of these examinations were performed with old la- 
boratory strains it has been found expedient to present the results of 
a determination of the sensitivity for strains dried immediately after 
their isolation ad modum Flosdorff & Mudd. 

The following previous works on the in vitro sensitivity have been 
available: 

Mortara, F. & R. R. Feiner dt E. Levenhron in 19-44 examined the penicillin 
sensitivity of 5 strains and found the same sensitivity as for staphylococcus 
aureus (test strain No. 209). 2 strains were old laboratory strains, 3 were 
freshly isolated. Cultivation was made at 35° C. partly in fluid medium, 10% 
rabbit serum bouillon, and partly in solid medium consisting of agar with 
10 % defibrinated rabbit blood. Readings of the tests were taken after 24 — 
48 hours. The Ducrey bacillus grew on these media at 0.03 units/ml concen- 
tration, but not at 0.13 units/ml. 

Tung, T. <& C. N. Frazier (1945) found for four laboratory strains that they 
were slightly less sensitive than staphylococcus aureus (test strain No. 209). 
The medium consisted of »Difco brain-heart infusion broth« + 10 % defibrin- 
ated rabbit blood. Incubation was made at 34° C, and reading after 48 hours. 
The range of growth was + growth at 0.10 units/ml, but 0 growth at 0.15 
units/ml. 

Vilanova, X. and G. Re^j (1945) in a very short article stated that the peni- 
cillin resistance of the Ducrey bacillus was so liigh that penicillin could be 
used in selective media. However, only one cultivation experiment was made, 
and the exact penicillin concentrations were not stated. 

Mortara, F. <& M. T, Saito (1946) also published a more extensive examina- 
tion of the sensitivity of 7 strains. Five strains were isolated during two 
years before the examination and kept by Aveeldy reinoculations in defibrin- 
ated rabbit blood. The other two sti-ains were laboratory strains. In this 



310 


I nVi ^ ri T ^ f uid: »Bacto nuti-ient brotH« + 20% Horse seruir, 
+ 0.5 % NaCl, and partly solid »Bacto nutrient agar« + 20 % citrate hnr.I 
blood + 0.5 % NaCI. The solid medium was used in PeW dishes whicl wS 
closed airtight with »parafi]m« in order to avoid desiccation. Incubation was 
made at 35 C and reading after 24 — 48 hours’ incubation. The results both 
for streptomycin and sulfathiazole, were that the Ducrey bacillus showed 
slightly higher sensitivity than hemolytic streptococci. 


The following works elucidate the in vivo sensitivity of the Ducrey 
bacillus to the different chemotherapeutics : 


Pereyra, J. A. & S. Landy (in 1944) examined the effect of penicillin on 
experimentally produced chancroid in 3 volunteers, and no effect whatever 
was found. It should be noted, however, that infection was made with large 
quantities of bacilli and the penicillin doses administered were rather small. 
Thus 1 patient was given 80,000 units per 24 hours (totalling 600,000 units), 
and the other two got only 40,000 units per 24 hours (total 560,000 units). 
L. A. Day (1945) found excellent effect in a case which was cured by a total 
of 100,000 units (20,000 x 5 intramuscular at 3 hours’ interval). Vilanova el al. 
likewise found good effect, as their patient was cured by penicillin applied 
locally in the form of ointment (dose not stated). 

No works Iiave been published on streptomycin treatment of patients, 
but Mortara et al. (1947) found excellent effects of this antibiotic in the treat- 
ment of chancroids induced experimentally in rabbits. 

On the sulfathiazole sensitivity the following is available: 

A. Kristiansen (1939), 0. S. Culp (1940), B. A. Kornblitli cfc A. Jacoby & L. 
Chargin (1941), V. C. Harp (1946), D. G. Lao & M. D. Trussell (1947), and others 
found excellent effect of sulfathiazole in their i>atients, whereas for instance 
T. B. Turner & T. H. Sternberg (1944) only found effects in about 50 % of 
their cases. The last mentioned authors point out, however, that the diagnosis 
was not certain because it had been made without any aids whatever. 


Author’s investigations. 

The aims have been, partly to determine the in vitro sensitivity 
by cultivation on agar plates and partly to obtain an impression of the 
relation between the found in vitro values and the in vivo sensitivity 
by penicillin treatment of chancroid induced in two volunteers. 


In vitro sensitivity. 

Strains. A total of 14 strains have been investigated, 12 of vluch 
were isolated by cultivation from chancre pus, and 2 (A, and AJ from 
bubonic pus. After isolation, the strains were dried ad modum Hos- 
dorff & Mudd and kept in vacuum ampoules at + 4° C. At the time 
of the examination, the oldest strains were 18 months old, whereas 
the youngest were 6 months old (11 strains). In regard to m 
dure adopted for isolation and drying I refer to my iirevious pu 
tion on this subject. 
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For test strains were used staphylococcus aureus (Oxford^ test 
strain No. 209) and streptococcus hcmolylicus, group A, type 1. Ihcsc 
strains have been cultivated under exactly the same conditions as the 
Ducrey strains. In one preliminary experiment it w-as found tliat the 
staphylococcus strain showed the same sensitivity to penicillin as two 
freshly isolated strains from cases of furunculosis. 

Media. For preliminary experiments both fluid and solid media 
were used. 

Two different fluid media were tried. The first one consisted of 
bouillon with 20 % defihrinated sheep blood. This medium was in- 
oculated after sedimentation of the erythrocytes, and the grow’th took 
place on the surface of the layer of erj’throcytes. The other medium 
consisted of semifluid agar with 30 % defihrinated sheep blood. This 
medium was of such a consistenej'^ that a clear layer of about Ve 
centimetre was formed at the lop of the medium when sedimentation 
had taken place. The growth look place at the level where this layer 
met the blood. 

For solid medium was used 30 % defihrinated sheep blood in agar 
plates (nutrient agar with 1 % peptone) in Petri dishes. As saturated 
water vapours arc required to obtain growth on this medium the 
dishes were placed in closed glass jars with a surplus of water on the 
bottom. 

It soon appeared, however, that the fluid media were unsuitable 
for the purpose because the results varied from one experiment to the 
other; nor could any reliable impression be gathered of the differences 
in the sensitivity of the strains. The limits for the range of growth 
in fluid media staled by Morlara cl al. (1946) also show a very wide 
margin; as regards streptomycin sensitivity, for instance, 10 units of 
streptomycin per ml medium will inhibit growth altogether, whereas 
growth was found in 9.'), .58 and 17 % respectively of the lubes con- 
taining 5, 1, and 0.5 units per ml. 

Another reason why cultivation on solid medium was thus ])rcfer- 
red was that the growth is much heller than in fluid media; moreover, 
the results of cultivations can be read macroscopically. Finally, the 
variations in the results of each experiment are quite insignificant. 

Chemoiherapeutics : The chemolhcrapeutics were: 

Penicillin, used in the form of the Na-sall of G-pcnicillin made by 
the »Leo« factorj’, Denmark. 

Streptomycin, made by Merck & Co., U. S. A., and 

Sulfalhiazole in the form of »chemosepl «(2 (p-aminohenzol-sul- 
fonamido) thiazole) from the »Ferrosan« factory, Denmark. 

The dissolved substances were added to the media in the doses 
stated in the tables. 

Inoculation. The plates with the different chemolhcrapeutics were 
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inoculated on the same day as they were made. The preliminary 
culture w'as cultivated on plates inoculated with dried culture from 
an ampoule. 

Varying amounts of inoculum were used in preliminary experi- 
ments on penicillin sensitivity, and it was found that the amount was 
of great importance. At a certain thin inoculation, growth occurred 
only on plates containing 0.02 or 0.04 units of penicillin per ml of 
medium, and the figures for sensitivity were seen to decrease with 
increasing inoculum to a certain limit. In order to obviate these poten- 
tial errors it was then preferred to give an inoculation which was 
just sufficient to give confluent growth on the control plates. 

The plates were inoculated with a drop from a tube of bouillon 
in which 2 — 4 colonies from the preliminary culture had been sus- 
pended. Before suspension the colonies xvere crushed between two 
sterile slides. 

Results. All the results stated in the tables were found in ex- 
periments with cultivation on plates, which were incubated for 3 
days at 33 — 34° C. The conditions of cultivation have been found 
optimal in previous experiments of which a summary was published 
in 1947. 

Explanation of tables: 0 means no growth; + means growth 
ranging from confluent growth on the control plates to individual 
colonies on the plates with the highest concentrations. 

The sensitivity of the test strains is treated in the discussion. 


Table I. 

hi vitro sensitivity to penicillin. 


Concentration 
Strain 
Ai 
A2 
129 

133 

134 
140 
14G 

155 

156 
161 
107 
I 

IV 

V 

Stapn. aureus 
Hem. St 2 ’ep. 


0,32 U./ml. 

0 

0 

0 

0 

0 

0 

0 

0 

r, 

0 
0 
0 
0 
0 
4' 

0 


0.16 

0.08 

0.04 

0.02 

-f- 

4* 

-4 

-4 

-f 

-+* 

+ 

+ 

+ 

4- 

-4 

-4 

-1- 

4- 

-4 

-4 


4" 

4^ 


... 

4^ 

• 4- 

r 

+ 

4* 

+ 

-4 

0 

0 

4^ 

-4 

+ 

-4 

4- 

+ 


-4 

+ 

+ 

•4 

-4 

4- 

+ 

+ 


4- 

+ 

0 

0 

4* 

•f 

0 

0 

+ 

-4 

■V 

-4 

+ 

-4 

0 


j. 



Conlrol 


+ 

+ 

-h 

+ 

4 

+ 


+ 

-h 

-f- 
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Table II. 

In vitro sensitivity to streptomycin. 


Concentration a U./nil. 
Strain 

Ai 0 

As 0 

129 0 

133 0 

13i 0 

140 0 

146 0 

155 0 

156 0 

161 0 

167 0 

r 0 

IV 0 

V 0 

Stapii. aureus + 

Ilcin. Strep. + 


2.5 

1.25 

0.G2 

0.31 

Contr 

0 

4- 

4* 

4- 

"h 

0 

4- 

4- 

4- 


0 

4- 

4- 

4- 

•i- 

4- 

4- 

4- 

4- 

4- 

0 

4- 

4- 

4- 

4* 

0 

4- 

4- 

+ 

4' 

a. 

4- 

4- 

4- 

4- 

0 

4- 

4- 

4- 

4* 

0 

4* 

4- 

4- 

4* 

4- 

4- 


4- 

4“ 

0 

4- 

4- 

4. 

4* 

-f 

4^ 

4- 

4- 

-f 

6 

4- 

4- 

4- 

4* 

0 

4^ * 

4- 

4. 

4- 

4- 

4~ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 


*) In one cxporiinenf. (Iierc was 0 growdi of strain V on plates containing 
1 25 units/ml. 

On plates containing 10 unils/m! was observed reduced growtli of staphy- 
lococcus aureus, whereas the effect of this concentration on the hemolytic 
streptococci could not be established with certainty. 


Table III. 

In vitro sensitivity to sulfnlhiazole. 


Conconlrallon 

SI mill 

i/r.inoo 

R/m\. 

1 / 12 S 000 

i/r.C(K)o 

1/.'.12000 

1 / 1021(100 

1/2018000 

Conirol 

Ax 

0 

4- ^ 

4- 

4- 

4* 

4“ 

+ 

Ai 

0 

0 

4- 

4, 

t 

4- 

4- 

4- 

129 

0 

0 

4- 

4- 

4“ 

4 , 

4- 

133 

0 

0 

0 

4- 

4" 

4 . 

4- 

134 

0 

0 

4* 

4- 

4- 

4 - 

4- 

140 

0 

4^ 

4* 

4- 

4- 

4 - 

4- 

140 

0 

1) 

6 

4“ 

4- 

+ 

4- 

155 

0 

0 

0 

6 

4- 

4 - 

4- 

156 

0 

4* 

4- 

4‘ 

-i- 

4 - 

4- 

161 

0 

0 

0 

4“ 

4- 

-f 

4- 

167 

0 

-U 

4- 

4- 

4- 

4- 

4- 

I 

0 

(') 

0 

4* 

4- 

4- 

4 - 

IV 

0 

0 

0 

0 

4- 

4- 

4- 

V 

0 

0 

0 

0 

0 

4- 

4- 

Staph, aureus 

4- 

4- 

4- 

4- 

4- 

4- 


Hem. Strop. 

4- 

4- 

4- 

4- 

4- 

4 . 

4' 


On plates containing 1/500 gr/ml was not yet observed any certain effect 
on staidiylococcus aureus or hemolytic streptococci. 
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In vivo sensitivity. 

Special conditions apply to strain V, and this strain was therefore 
preferred for the first infection experiment. Incidentally the real 
object of the experiment was to prove that the strain was ’a genuine 
Hemophilus Ducreyi (by producing a typical chancroid) and also to 
examine the strength of the cutaneous reaction when made with vac- 
cines of homo- and heterologous strains (a report on these investiga- 
tions will be published at a later date, in a work on the specificity of 
the cutaneous reaction). 

As the infectivity of the strain was not known in advance, a first 
infection was made with a tiny dose: 0.2 ml intra-dermally’ on the 
lower part of the abdomen, of a suspension of 3 colonies in a tube of 
bouillon (about 7 ml). No trace of infection was observed and infec- 
tion was then made with a much larger dose: 0.2 ml from a tube of 
bouillon in which was suspended the culture from a tube of semi- 
fluid 30 % sheep blood agar (incubated for 4 days at 33° C). An 
abscess now quickly developed, which perforated spontaneously after 
4 days, whereafter the ulceration grew slowly, so that on the 18th 
day' it appeared as an oval lesion with a maximum diameter of 1.5 
cms. The chancre was characteristic with marked tenderness, under- 
mined edges and ample secretion of pus. 

When the experimental strain V-chancre had existed for 16 days, 
100,000 units of penicillin, the Na-salt of G-penicillin, were ad- 
ministered intramuscularly in one dose. Cultivation just before and 
24 hours after the injection showed no effect whatever of the injection, 
as there was confluent growth in both cases. The clinical picture was 


also quite unchanged. Repeated cultivations in the following days 
showed unchanged conditions, and when the chancre w'as 20 days old, 
local treatment was instituted with penicillin ointment (the Na-salt of 
G-penicillin, 1,000 units per g). The ointment Avas changed twice a 
day, and effect was seen plainly already' after hvo days’ treatment, 
the surrounding reddening and sw'elling as well as the soreness being 
on the decline. The penicillin treatment was continued for 4 days, 
and as the lesion was pure with fresh granulations, the treatment was 
discontinued. The chancre now' healed slowly, and about 18 days later 


it W'as completely' cured. 

The second volunteer w'as infected w'ith strain I (which was se- 
lected in order to give it a »freshening-up« by passage on a hunmn 
being). An injection on the al)domen was administered conespon 
to that which jiroduced infection in the V-strain experiment. 'The in 
fection developed exactly' like the V-strain chancre and per oia c 
spontaneously' on the 4th day. Cultivation on plates from chancre pns 
show'ed pure culture of strain I, and w'hen the ulcer had exis c or 
9 days and still showed progression in that period, treatmen wi 
penicillin w'as instituted. For this purpose »Leo-pcniciI!in Re ar ^ 
used (a suspension of procain-penicillin-G in sesamoi equa 



;^00,000 inlcrnalional unils/nil, produced by the »Lcc)<c faclory in Den- 
mark). 1 ml a administered intramuscularly, by winch a 

therapeutic penicillin-concentration in the blood is alleged to be at- 
tained for IS out of 24 liours. Once a day — just before the daily in- 
jection — cultivation on plates from pus was made, -t injections 
in all were administered (],2()0.000 units), and already after the second 
injection (3rd day of treatment) the effect could be clearly oliserved. 
as swelling, reddening and soreness were declining. After the foiirlh 
injection the lesion was dry and clean with fresh granulations, and 
the treatment was then discontinued. 

According to the results of the cultivations there was a clear effect 
already after the first injection, as the number of colonics decreased 
from several hundred lo‘ very few on each jilale. After the third in- 
jection one plate showed 0 growth and one jilale 2 colonics. After the 
fourth injection both plates showed 0 growth. 


Discussion. 

The results of these in vitro investigations show — contrary to 
previous observations — that there are differences between the sen- 
sitivity of the strains. This fact is most consjiicuous in the siilfatliiazolc 
experiments, but less obvious as regards streptomycin. This difference 
might not be a real one. but iniglit be ascribed to differences in the 
capacity to grow on the solid rncdinin. On the whole the strains ii)’) 
and IV do not grow quite so well, but strain V grows better than any 
of the other strains. Hence it is a justifiable conclusion that there is 
a real difference in the in vitro sensitivity, which will jirobably also be 
found in vivo. 

Furthermore, the tables indicate that the strains will grow at 
considerably bigber concentrations of cbeinotbcrapcutics than those 
found by the mentioned authors. This is jirobably connected with the 
fact that they used cultivation methods that did not afford ojitimal 
conditions of growth. Tiinf/ thus cultivated in fluid medium which 
will give substantially less growth than the solid medium, and .1/or- 
iarn used horse blood, which in systematic cultivation investigations 
with measurements of sizes and numbers of colonics has proved to 
produce poorer growth than sheep blood (which will give the same 
growth as rabbit blood). In addition, both authors have incul)aled for 
too short times: the growth in fluid media docs not reach maximum 
until after 4 — 6 days’ incubation according to the composition of the 
medium; and in the ease of cultivation on solid medium, the growth 
will not reach its maximum until after 3 days’ incubation. 

The investigations also show that penicillin cannot be used for 
selective media for isolation of Ducrcy’s bacillus as slated by V’l- 
lanova ~ as the latter will also be inhibited by the doses required 
to inhibit contaminating stai)hylococci. 

As already mentioned, the Ducrey strains were cultivated under 
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optimal conditions of growth, which, among other things, means tint 
incubation took place at 33 — 34® C. In one penicillin experiment it 
was also tried to cultivate at body temperature 37® C; in that ex- 
periment there was growth of all strains on plates containing 0.02 
units of penicilli^mi, whereas only the strains A^, 133, and 156 grew 
at the concentration 0.04 units/ml. The conti'ol test Avas made at 33° C 
and shelved the same sensitmty as shown in Table I. 

For determination of the in intro sensitivity it will, of course, be 
necessary to cultivate under optimal conditions for the microbe con- 
cerned, even if that will render it difficult — as it does in this case 
— to make comparisons with the usual test strains. It is found that 


the figures for their sensitivity are decreasing according as incuba- 
tion is made for 1, 2, or 3 days, and also that the amount of inoculum 
is of some importance. The values indicated in the tables for Die 
sensitivity of the test strains apply to three days’ incubation, and 
are consequently misleading. It should also be noted that these values 
only occur when ample inoculation is given, and they are not constant. 
If test strains are to be used at all for experiments where the bacteria 
under comparison require so long incubation, the test strains must 
undoubtedly be incubated only for the usual 18 — 24 hours. At Ibis 
period of growth is found total inhibition of staphylococcus aureus 
at 0,08 — 0.16 units of penicillin, about 2.5 units of streptomycin and 
> 1/500 g sulfathiazole per ml of medium. For hemolytic streptococci 
the figures are 0.02, 2.5 — 5.0 and > 1/500, respectively. If these figures 
are used as a basis for comparison it will be seen that the penicillin 
sensitivity of Hemophilus Ducreyi is the same as or slightly lower 
than that of staphylococcus aureus, and also that it is substantially 
lower than that of hemolytic streptococci. In regard to streptomycin 
it will be seen that the sensitivity is equal to or greater than that of 
the test strains. The high percentage of blood in the media render the 
absolute figures for the sulfathiazole concentrations quite insignificanf, 
but the experiments show that the sensitivity is much greater than 


that of the test strains. 

These facts render it impossible to draw any certain conclusions 
by means of comparisons with the test strains, as to the in vivo sen- 
sitivity. Hence, the latter will have to be determined by treatment of 
experimentally induced chancroid in test animals or volunteers, be- 
cause naturallj' occurring chancres are generally so infected with other 
microbes that a fairly large material will be required to make a 
reasonably accurate determination of the in vivo sensitirit}'. il/orlm'" 
ef al. (1947) tried to treat chancroid induced in rabbits and found 
the method satisfactory; it must be pointed out, however- that tbe^ 
chancres showed a marked tendency towards spontaneous healing 
Mortara’s untreated rabbits recuperated after only a week s time, 
have observed the same phenomenon in an experiment where a mon \C\ 
'macaca .sylvanu.s) developed a fine chancroidal nicer, iibici, im' 
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ever, healed without treatment of any kind after about 3 weeks, after 
having been on the decline for the last 8 — 10 days. 

This tendency in the test animals towards spontaneous healing was 
my reason for preferring persons who volunteered for the experiments, 
even if that makes the material so small that it is only possible to 
form an estimate of the in vivo sensitivity. In this connection it must 
be noted that the experimental chancres contain many more bacteria 
than those occurring naturally, and this fact may he of some signi- 
ficance because the effect of penicillin must presumably he dependent 
to some extent on the niimhcr of bacteria in the chancres. 

The results of these in vivo investigations must he that the de- 
terminated values of the in vitro sensitivity are equal to or perhaps 
slightly lower than the in vivo values, and it must also be expected 
that infections with any of the examined 14 strains can he treated 
with penicillin — with the possible exception of chancroid infections 
mixed with penicillinase-producing bacteria. 

As stated in the introduction, the doses used by Percyra et al. for 
treatment of their test persons were very small, whereas Day could 
cure his patient with a total of 100,000 units. Hence, the results found 
in this work correspond to the facts available in literature. 

Clinically, the treatment with penicillin or streptomycin will only 
be of interest in the comparatively rare cases where the patients are 
hyper-sensitive to sulfonamides, because the risk of overlooldng a 
mixed infection with spirochaete pallida will cause the sulfonamides 
to he preferred. 

Judging from the in vitro sensitivity to sulfathiazole, the proper 
clinical therapy of chancroid must be local treatment with sulfon- 
amides in uncomplicated cases — and several of the mentioned authors 
have also had good results with this method of treatment — and 
peroral treatment in cases com])licatcd with buboes. Chancroids failing 
to heal after peroral treatment with the doses usually administered, 
will often be contaminated by sulfa-resistant microlies, and in such 
cases better results may he achieved hy local treatment with anti- 
septics than by renewed sulfa-medication, possibly combined with 
fever treatment. 


Summary. 

The in viti o sensitivity of 14 Hemophilus Ducrejn strains to penicil- 
lin streptomycin and sulfathiazole was examined by cultivation on 
solid medium under optimal conditions of growth: agar with 1 % 
peptone and 30 % defibrinated sheep blood in Petri dishes which were 
incubated at 33° C for 3 days in saturated water vapours 

The im^stigations indicate clearly that there is a very considerable 
^ iffercnce in the sensitivity of the strains, and that it is rather smal- 
ler man stated by previous authors. 
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The penicillin sensitivity of the strains is somewhat lower or equal 
to that of staphylococcus aureus. 

Practically speaking the streptomycin sensitivity is equal to that 
of staphylococcus aureus. 

In regard to suifathiazole the sensitivity is substantially greater 
than those of staphylococcus aureus and streptococcus hemolyticus. 

In order to compare the in vitro with the in vivo sensitivity hvo 
volunteers were infected and both developed characteristic chancroids. 
The first person was cured after 4 days’ treatment with peiiicinin 
ointment, and the second after intramuscular injection of 300,000 units 
of »Leopenicillin Retard« every day for 4 days. Thus good conforniUy 
was observed between in vitro and in vivo sensitivity. 
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PARABIOSIS AND RESISTANCE TO TRANS- 
PLANTATION 

III STUDIES ON TPIE RESISTANCE TO TRANSMISSIBLE 

LEUKEMIA IN MICE BY MEANS OF HETEROGENETIC AND 
HOMOGENETIC PARABIOSIS. 

Bj" Jorffcn Bichcl and lb Holm-Jevscn. 

(Received for publication November 29tli, 1948.) 

If a rat has been made temporarily susceptible to transplantation 
of a mouse tumour by means of all over irradiation with X-rays, the 
parabiotic union of the animal with a non-irradiated partner will make 
this susceptibility disappear. (Bichel and Holm-Jenscn, 1947, 1948). 

This fact indicates that the induced resistance to heterotransplan- 
tation is, at least partiallj', governed by humoral factors. 

It is generally supposed, that the degree of resistance to tumour 
transplantation depends upon the genetic difference between the 
tumour and the animal into which it is transplanted. Consequently, 
the resistance to transplantation from one species to another should 
not be qualitatively different from the resistance to transplantation 
of a mouse tumour from one inbred strain of mice into a mouse from 
another strain. 

According to this view the words »primary« and »secondary« re- 
sistance should not be used to designate natural resistance as opposed 
to resistance induced by active immunization. A mouse tumour in- 
oculated into a rat will grow for a short lime, hut as it simultaneously 
evokes an anti mouse-tissue immunity, it will finally be absorbed, as 
a rule, before it has grown to a palpable size. So the rat cannot be con- 
sidered primarily resistant. (Compare Bichel and Holm- Jensen. 1947 
1948). 

It is generally with some hesitation that the actively induced tu- 
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mour immunity is compared with the immunity resulting from 
bacterial infections, the principal reason being ihat tumour iminunitv 
seems to be dependent upon the inoculation of living cells. The passive 
transference of tumour immunity by means of blood and serum has 
been unsuccessful in most experiments, even if immunity in some cases 
may be accomplished by imfilantation of whole organs, (cf. Poller 
Taylor and McDowell, (1938), who succeeded in transferring immunity 
against a mouse leukemia passively, transplanting spleen or liver from 
actively immunized to susceptible mice). It is, however, very likely 
that the amount of the antibodies which was transferred in such trans- 
mission experiments might have been insufficient, so that the dilution 
in. the recipient may he one of the causes of failure to demonstrate 
the passive immunity. 


As parabiotic union should be a very good way of securing a 
constant exchange of antibodies between two animals, this method 
has been used in the following experiments, the aim of which has been 
to investigate the passive immunization to the transplantation of leu- 
kemia in mice. 

The method of parabiosis has previously been used by several in- 
vestigators in the study' of immunity to tumours. For a survey we may 
refer to our earlier communications and to papers by Furth, Barnes 
and Brower (1940) and by Harris (1943). It appears from these papers 
that the experimental results have been far from uniform, and very 
often contradictory', as some investigators have found that tumour im- 
munity will be transferred between parabiotic animals, and others that 
it wi7l not. It has even been found, that resistance of a mouse to tumour 
transplantation in some cases may' be broken down by the parabiotic 
union of the animal with a susceptible partner. (Cloudman, 1043). 

The results of the experiments reported below seem to indicate at 
least one factor, which has not previously' been taken into considera- 
tion, and which may account for the discrepancy’ of previous reports. 


Material and methods. 

The mice used in the present experiments were; 

1. Furth strain Aka. This strain has been inbred in U. S. A. since 192 am 
has been kept in Denmark since 1936. It is a well-known strain with a ingn 
incidence of leukemia, as a rule of the lymphatic type. 

2. Rf. strain. This strain has been inbred for a number of 
and was in 1947 by the courtesy of Dr. Forth presented 
ratories, where the inbreeding has been continued. Tlie incidcn 
in this strain is low. 

3. Do-Za strain (Dobrmvolskaja-Zawadskaja) inbred in 
laboratories since 1943. It is a strain with moderate incidence of ma 
cancer. 
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The tumour material has heen: 

1 Leukemic tumours originating in strain Aka, which for a 
has been transplanted to Aka mice by subcutaneous inoculation 

2, B-leukemia (Krebs mouse leukosis), which has been descrit*. 
communications. This leukemia is very virulent and »takes« h 
centage of mice of a mixed stock. 

When Aka leukemia is transplanted to Aka mice, one hundred 
will occur. A tumour will develop at tlie site of the subcutanec 
and reach palpable size in 5 or 6 days; it then grows progress! 
the animals in two to three weeks. When inoculated into Do-Za ■ 
leukemia does not take at all. The Aka mice are partially susc. 
B-leukemia. Following subcutaneous inoculation a nodule of va* 
velops in the coui’se of 5 or 6 days, and then regresses. Sometij t 
may be ratlier small and difficult to palpate. In such instances, h 
animals have proved totally resistant on retransplantation. 

In Do-Za mice, however, the B-leukemia grows readily and in 
kills the animals even though it has occasionally happened that 
mour has regressed. 

In Rf. mice implantation of the B-leukeraia will take tempo 
develop to about the size of a hazel-nut whereafter it regresses. 

The technique used for the parabiotic union was that of Bimstcr 
with slight modifications as previously reported. The partners wc 
of the same sex and when possible litter mates. 

In the following description of the experimehls 
mice from the same and different strains are ’< 
heterogenetic respectively. ' 


EXPERIMENTS I. 


I. Homogenetic parabioses. 

1. 5 Aka mice were inoculated with B-leukemia. 
takes had disappeared the mice were parabiosed with c 
which were inoculated with the same leukemia 2 days after . 
tion. In four of them no palpable takes occurred, in one (182) 
small infiltration was felt for one day. (Exp. nos. 179, 180 1'“ 
184). 


2. In the next experiment, also comprising 5 pairs, the parabi. 
were established before inoculation, wdiich was made with B-leukv./ 

7 to 19 days after the operation. When the tumours had regressed th 
uninoculated parabions were inoculated- but no takes occurred (Exr 
nos. 139, 141, 194, 197, 198). ’ 

3. As the Aka leukemia does not take in the Do-Za strain, and th 
B-leukemia almost invariably kills the animals, only a few^ experi 
ments with homogenetic Do-Za parabioses have been successful. Onl 
m one single case of the Do-Za Do-Za pairs in which one of the para 
hions was inoculated after the operation, did it happen that a tumou 
(Exp' no.' 20?).'''^''''^''"''* inoculation the partner proved resistanl 
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Two Do-Za mice in which tumours of B-Ieukemia had reercssed 
were parabiosed with non-moculated Do-Za mice, which on sub- 
sequent inoculation proved resistant in one pair (169) Avhile a small 
temporary take was observed in the other (163). 


II. Heterogenetic parabioses. 

• A number of experiments were carried out with pairs consisting 
of an Aka mouse in parabiosis with a Do-Za mouse. As the Do-2a 
mice are resistant to the Aka-leukosis, it was considered of interest 
to investigate whether the parabiotic union of an Aka mouse with a. 
Do-Za mouse would modify the course of the leukemia in the Aka 
mouse. 

1. Aka mice were inoculated with Aka-leukemia 8 — 15 days before 
(Experiments nos. 45, 46, 47, 75, 76, 77) or 3—6 days after (Exp. 
nos. 52, 53, 78, 79, 94, 95) parabiosis with non-treated Do-Za mice. 
In every case the Aka-leukemia took the ordinary course and progres- 
sed uninfluenced by the parabiosis to the death of the animals. None 
of the Do-Za mice showed any evidence of leukemia. 

2. In some experiments of this type the Do-Za mice were in- 
oculated with Aka-leukemia before the union xvith the Aka-mice, but 
ex'en then the course of the leukemia in the Aka mice was unaffected. 
(Exp. nos. 84- 85, 86, 87, 73, 74). 

3. In still other experiments the Do-Za mice were inoculated after 
the parabiosis and the Aka mice were not. (Exp. nos. 98, 99, 101). 
No leukemia developed in the Aka mice, indicating, that few if any 
leukemic cells passed the parabiotic junction in these cases. 

The following experiments were carried out with B-leukemia, to 
Avhich the Aka mice are partially' resistant, but which in the Do-Za 
mice generally grew progressively' and killed the animals. 

4. Aka mice were inoculated with B-leukemia 20 day.s before (Exp. 
nos. 172, 174, 175, 176, 177, 178, 109, 112, 113) or 6 to 7 days after 
parabiosis with non-treated Do-Za mice. All mice developed the ty’pical 
temporary take. On the subsequent inoculation of the B-leukemia into 
the Do-Za mice huge tumours developed in all cases causing the de.ath 
of the animals. 


Discussion. 

In these experiments the resistance to the transplantation of the 
applied leukemias xvas in no cases transferred from one parabion to 
the other in the heterogenetic parabioses. The experiments with ic 
homogenetic parabioses gave, howex'er, indication of a transmission 
of resistance against the B-leukemia to xvhich the Aka mice are on j 
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partially resistant. On this basis we advance the hijpothcsis that the 
transmission of the induced resistance to transplantation of leukemias 
between parabiotic mice is favoured by homogenetic and inhibited by 
heterogenetic parabioses. It is, of course, not justified to generalize 
from those few experiments, and such a hypothesis is in reality only 
valid for the leukemias and animal stocks for which it has been proved 
by experiment. The combination of mice strains and tumour material 
in the above mentioned experiments is not too ideal cither, as the 
Aka mice Avere rather too resistant* and the Do-Za mice too susceptible 
to the B-leukemia. To further investigate the validity of the advanced 
hypothesis a series of experiments was carried out with transplanta- 
tion of B-leukemia to homogenetic parabioses of Rf. mice. As -stated 
in the description of the animal material, the Rf. mice arc partially 
susceptible to the B-leukemia in which respect they hold a medium 
position between the Do-Za and the Aka mice. 


EXPERIMENTS II. 

1. This experiment consisted of 4 Rf. mice which were in- 
oculated with B-leukemia. The typical temporary takes occurred and 
43 days later the animals were united in parabiosis with non-treated 
Rf. mice. Seven days after the operation the new mice were inoculated 
and contrary' to our expectations all of them developed tumours, (Exp. 
nos, 276, 277, 279, 281), As it was felt, that the interval between im- 
munization and parabiosis might have been too long, this interval was 
diminished in the following experiments: 

2. 17 Rf. mice were inoculated with B-leukcmia 1*1 to 19 days before 
parabiotic union with non-treated Rf, mice. The temporary take had 
disappeared before the operation in all cases. Five or six days after 
the establishment of parabiosis the new mice Avere inoculated AA’ith 
B-leukemia, Avhich resulted in the development of a small tumour in 
two animals, an uncertain take in one animal and no takes at all in 
the 14 other mice. (Exp. nos. 315, 316, 317, 337, 338, 341, 343, 344, 
345, 346, 347, 350* 351, 352, 354, 357). 

3. In 3 supplementary experiments the Rf. mice Avere not im- 

munized before the parabiosis, but B-leukcmia Avas transplanted to 
one of the parabions after the operation. A Ijihcal temporary take oc- 
curred, indicating that the parabiosis per se docs not influence the 
susceptibility. The non-treated partner in these experiments Avas later 
inoculated AA'ith B-leukemia and proA’ed resistant in all 3 nairs fFxn 
nos. 297, 299, 300). ' 


Conclusion and Comments. 

The above experiments clearly demonstrate that the induced re- 
sistance to a transplantable leukemia in mice may be transferred to 
other mice of the same strain by parabiotic union of the animals. In 
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expenment 11. 2. complete resistance was conferred on the imim 
mimized partner m 14 out of 17 experimental pairs and increased re- 
s stance m the three remaining pairs. The results probably also show 
that a large amount of antibodies must be transferred in order to 
secure immunity, as complete resistance was not attained in ail cases 
despite the very good possibility of a constant exchange of antibodies 
which presumably prevails in parabiosis. From this evidence il is 
no wonder that passive immunization by means of serum and lilood 
has been unsuccessful. 

While our experiments prove that induced resistance to leukemia 
may be transferred from one animal to another in parabiosis of homo- 
genetic pairs it appears from the experiments described above under, 
I and II, that such a transmission was never found in hetcrogenctic 
parabioses. As the possibility exists that the exchange of antibodies 
should he great to confer total resistance, even on a partially susccji- 
tible animal, it seems probable that an insufficient exchange of blood 


may he responsible for the failure of the transference of iimnunily in 
the heterogenetic parabioses. 

To investigate this point we carried out determinations by means 
of labelled red blood corpuscles of the rate of exchange of blood be- 
tween homogenetic and heterogenetic parabions (Bichel and Holm- 
Jensen, 1949). These e.xperiments demonstrated the crossed blood flow 
to he of the order of 100 times as large in homogenetic as in helcro- 
genetic parabioses. Taken together with the immunity experiments 
tliese findings indicate that immunilij to transplantable leukemia mni; 
be transferred between mice in parabioses when the exchange of blood 
is large enough. This mag be the case in homogenetic parabioses, 
whereas it has never been demonstrated in heterogenetic parabioses. 

If this hgpotliesis is applied to earlier findings of other investiga- 
tors, the apparent discrepancy of their results will disappear. 

Furth, Barnes and Brower (1940) found that the development of 
leukemia in a susceptible mouse inoculated with leukemia was not 
influenced by its parabiotic union with a resistant mouse. And they 
concluded that it was unlikely that inherited resistance and suscepli- 


bility are governed by humoral factors. Their experiments were par- 
tially of the same type as those described in the present paper. 


comprising heterogenetic parabioses. 

Harris (1943) united mice in parabioses and inoculated one para- 
iiion with tumours knoxvn to induce immunity in the hosts. Whether 
the tumours grew progressivelj’' or wiicthcr- after some time, Ihcj re- 
gressed, tlie non-inoculated parabion was found to he immune agains 
the same tumour ten daj^s after the transplantation. In these c.xperi- 
ments inbred strains and homogenetic pairs were used, in which ac- 
cording to our hypothesis the immunity should he transferred. 

It would he of interest to investigate these problems under comli- 
lions in wiiich the rate of exchange of blood between the para no ic 
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partners is of the same order of magnitude both in heterogenetic and 
in homogenetic parabioses. Such conditions might lie established by 
means of a regular circulation croisc. 
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THE INFLUENCE OF COMPLEMENT UPON 
AGGLUTINATION^-) 

By Th. Thjotta and Jon Jonsen. 

(Received for publication November SOttp 1948.) 

It has long since been established that complement is not necessary 
for the agglutination reaction, and the general conception is that com- 
plement does not even influence agglutination. Curiously enough there 
does not seem to have been any distinct investigation as to the pos- 
sible r6Ie of complement upon agglutination. True enough some in- 
vestigations concerning the influence of normal serum upon agglutina- 
tion have been conducted from time to time. Thus R.H. Dean in 1512 
(1) and Harry Eagle in 1930 (2) found an increasing titer of agglutina- 
tion on addition of euglohulin to the dilutions of serum. The euglobuHn 
was thought to be absorbed by the bacteria in the presence of im- 
mune serum thus influencing their surface, rendering them more liable 
to cohesion and flocculation. No differentiation between active and 
inactive serum was made. P. B. White (3), however, found that the 
addition of normal rat- or rabbit serum in the concentration of 1:5— 
1 :20 caused a complete dispersion of bacteria in the Salmonella group. 
In 1934 /. T. Duncan (4) made a thorough investigation of the in- 
fluence of normal serum upon agglutination. He found a slight re- 
tardation of the rapidity of agglutination when normal serum was 
added to a mixture of antigen and antibody, when these two compo- 
nents occurred in optimal proportions. When, however, the immune 
serum was present in large amounts, normale serum added to the 
reagents had a promoting effect upon the rapidity of the reaction. The 
increased rapidity was especially recognizable when large amounts o 
antibodies caused a prezone effect. Duncan, hovrever, did not differen- 
tiate betw'een active and inactive sera either. 


') Aided by a grant from Nyegaard & Co. (Nyco), for whicJi we are ver> 
fhankfull. 
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OWN INVESTIGATIONS. 

Starting upon an entirely' different problem, we happened to put 
up some agglutination tests between a strain of Flexner bacilli and 
its corresponding immune serum, and to this test we added fresh 
guinea pig serum in dilution 1 : 10 with a corresponding series of tubes 
to which were added the same guinea pig serum in inactivated condi- 
tion. This experiment was as follows: 


Experiment I. 

Antigen: Living Flexner bacilli, emulsion 1000 mill. pr. ml. 
Antibody: Homologous serum, dilutions 1:200 — 1:6400. Active 
guinea pig serum, 1:10. 

Normal serum: Guineapig serum inactivated at 56° C. Vz hour. 
Reading of results after incubation at 37° C. for 2 hours. 


A. 

Antigen and Immune serum alone. 0.5 ml. amounts of each 


1:200 

1:400 

Dilutions of immune serum: 

1:800 1:1000 1:3200 

l:Gi00 

4- + + 

+ + + 

Agglutination: 

+ + + +-f- 




B. 



Experiment as A with the addition of active guinea pig serum : 
1:10 1:10 1:10 1:10 1:10 1:10 

Agglutination: 

C. 

Experiment as A with the addition of inactivated guinea pig serum: 


1:10 1:10 

1:10 1:10 

1:10 

1:10 

+ + + + + 

Agglutination: 

■!■ + + 4- 




Conclusion: 

Active guinea pig scrum inhibited agglutination, while the same 
serum in inactivated condition showed no effect upon the reaction. 


Experiment 11. 

In this experiment the same antigen, the same immune serum and 
the same active gminea pig serum were used, but no heated g. p. serum 
was emp oye . However, this time the g. p. serum was titrated, while 
:he immune serum was employed in a fixed dose, i. e. 1:200. 
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G. P. serum 0.5 m]. 


in actual doses: 

Immune serum 0.5 ml. 

0.2 

0.1 

0.05 

0.025 

0.125 

0.00G3 

0 

iq;.dilution 

1:200 

1:200 

1:200 

1:200 

1:200 

1:200 

1:200 

Agglutination; 


Conclusion: 

4~ 

+ + 

+ + 

+ + 


Active g. p. serum inhibits the agglutination of a strain of the 
Flexner bacillus in approximately the same dose as that active in a 
hemolytic immune reaction. 

After these interesting results we decided to take up the problem 
more systematically; for the further experiments Ave used partly S. 
typhi and S. paratyqdii B, as these microbes would afford us the pos- 
sibility of testing the H- as well as the O-agglutination and the pos- 
sible effect of actiA'e g. p. serum upon both of these agglutinations. 

Now the first question to be solved was this: Would the same in- 
hibiting effect of active guineapig serum manifest itself in agglutina- 
tion tests between S. typhi bacilli and homologous scrum? The next 
experiment will solve this question. 


Experiment III. 

Agglutination reactions were made between S. typhi 0 901 ami 
homologous rabbit immune serum. 0.5 ml. of dilution 1 : 60 of itnimine 
serum was used. Geometrical dilutions of active and of healed g. p. 
serum starting from 0.25 ml. were added to the mixtures of antigen 
and immune serum. Readings were made after incubation for 8 and 
for 20 hours. The experiment was carried out in three parts. A; Im- 
mune serum, active g. p. serum and antigen were brought together si- 
multaneouslj% B: antigen and active g. p. serum were allowed to ad 
upon each other in water bath at 37° C for one hour before immune 
serum xvas added, C: Immune serum and g. p. serum were incubated 
for one hour before antigen was added. 2 and 3 were put up in order 
to see whether or not active g. p. serum might show any diminished 
action after being treated with antigen alone (B) or immune serimi 
alone (C). 

The results of these tests were as folloxvs: 


A. 

Immune serum: 0.3 ml. in dilution 1:60. 
.Antigen; 0.5 ml. in concentration 1000 mill. pr. ml. 


Active g. p. scrum; 0.25 

-Aggl. after S liours: + 
.Aggl, after 20 hours: + + 


0.125 0.063 0.03E O.OlG 0.008 0.004 

-I- -i- -r- -t- -p -f -h 

~ + -h-H- + + -r 


0.002 0.001 
-f -t -f 
+ -f-f + + 


Inactive g. p. serum; 

.Aggl. after 8 hours: + + + 
Aggl. after 20 hours: -f + -r 


-f -f -f -f + + -f + + 

-p-f- -f-f-f + + + + + + 


-p-P-t- + + + + + -1- 
-P -P -p -P -P + -P + v 



329 


B. 

All reagents ns in A. 


VC g. p. scrum: 

1. after S hours: 

1. after 20 hours: 

+ 

-1- 

-T- 

-4- 

4.4. 

-!• -i- -i- 

-i- -i- 
-i- -hH- 

4. 4. -p 
4. 4. 

dive g. p. serum; 

1. after 8 hours: 

1. after 20 hours: 

+ + + 
d- + + 

+ + d- 
+ + + 

-j- J- - 1 - -J- -i- *1' “I" 

-t--!--;- -i- + -;- + 

4- 4- 4 - 
4 — -I- 

4 . J.. 

4- - 1 - -f- 

4. 4- .p 

a. a. 4. 



All rci 

c. 

iigcnts as in A and B. 




VC g. p. scrum; 

1. after S hours: 

1. after 20 hours: 

+ + + 

+ + + 

4 - -f- -i- + - 1 - -i- - 1 - 

*r 'i- 
-J- - 1 . 

'M' t 

4. 4. -1- 

itivc g. )). serum: 

1. after 8 hours; 

1. after 20 hours: 

+ + 

4 - 

-i- + + 
+ + + 

+ -i- -h-)- + 

-j. -j- 4. .1. 4- 4- 4. 4. 4- 4- 4- 4- 

4 . .J. J- 

-}■ '!• 

4- 4- 

4 . 4. 4. 

■f 


Conclusion : 

Active guinea pig scriiin inliil)ils e<)inj)letcly llie agglutination of S. 
tyjihi in homologous scrum in doses O.I2r> — 0.010 while the same se- 
rum in heated condition does not show any inliiliilion. No dirferenee 
is seen whether all factors are mixed simult:\neously or after antigen 
and immune scrum separately liave been in contact with guinea i)ig 
scrum before the third factor is added. 


Expcriincnl IV. 

Consequently it seems justified to assume that Exj). I, II and HI 
show an inhibiting action of active guinea ])ig serum uimn the ag- 
glutination of the O antigens of Shigella and S. tyi>hi. 'I'o find if this 
was also the case with the II antigens, Exj). IV was made with S. typhi 
H and corresponding immune .serum. This experiment was connected 
with a hemolytic test, which was made after the reading of the agglu- 
tination test and in the same emulsions as the latter, the aim being 
to find out whether the comjjlement i)resent in the active guinea pig 
scrum was exhausted in the agglutination reaction, or still present. 
.V control test showing the com])lement function of the guinea i)ig 
scrum used was made siuudtancously with the test jjroper. 


.A. .Active guinc:i pig serum: 

0.25 0.125 0.003 0.032 0.01(1 O.OOS O.OOi 0.002 0.001 

Immune serum of S. tyidii II. nihUiou 1 : 100 Amount 0 5 ml 
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 ' 0.5 

-Agglut illation; 


n. Control witli inactivated g. p. serum: 

+ -I- + + + -t- + + + -I- -|. -p -!- j. .j. ,j. .j. _|. .j. j_ 

Hemolysis after adclition of hemolytic svstem to lOxp .A' 

0 0 0 0 0 6 ’o o’ ' 0 


Hemolysis in control test: 

100 100 100 100 100 75 0 

100 — complete hemolysis. 75 — 75% of hemolysis. 


0 0 

0 no hemolysis. 
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Conclusion: 

Experiment IV shows that also in tests with S. t 5 T)hi H the same 
inhibiting effect of the addition of active guinea pig serum is found 
as in Shigella- and S. typhi O experiments. The experiment also de- 
monstrates that the factor showing this inhibiting effect seems to be 
identical with or to be closely related to the function called comple- 
ment in guinea pig serum, as the titers of the inhibiting effect and 
the hemolytic effect are the same, and moreover the hemolytic effect 
of the guinea pig serum is completely exhausted by the "inhibiting 
function. 

While it seems natural to conclude that the inhibiting function 
really is caused by the factor called complement, this assumption is 
not verified by the fact that the titers of both functions seem to be 
alike in the same active g. p. serum. We therefore sought to bring forth 
more facts about this relation. First we made an experiment uilh 
human sera hoth as to the inhibiting function and as to the usual 
complement function in hemolytic tests. This experiment is as follows: 


Experiment V. 

Three active human sera from different persons were titrated in 
double series of test tubes from 0.25 until 0.004 ml. To one series was 
added S. typhi O antigen with its corresponding immune serum in di- 
lution 1 : 160. Reading of this series was made after incubation for 
4 hours. To the other series of each human serum a hemolytic system 
was added, and the hemolytic titer read after ordinary incubation. 

Human sera titrated as follows: 


Serum I 

0.25 

0.125 

Agglutination 



Hemolysis 

100 

100 

Serum II 

Agglutination 

-f- 


Hemolysis 

100 

100 

Serum III 

Agglutination 

— 

-t- 

Hemolysis 

100 

0 


0.063 

0.032 

0.016 

0.008 

O.OOi 



+ 


+++ 

100 

100 

0 

0 

0 



■ 


+ 

100 

100 

100 

trace 

0 

+ + 

+ 

+ + + 

-b-I + 

+++ 


0 0 0 0 0 


Conclusion: 

Exp. V shows the same correlation between inhibition and hemo- 
lytic power of active human sera as that found in active guinea p)g 
sera. The poor inhibiting and hemolytic functions of scrum HI arc 

especially noteworthy. . 

Consequently Experiments IV and V seem to justify a strong misin- 
cion that the inhibiting factor and the usual complement real y is e 
same individual factor. To find additional evidence in support o tn 
view we tried different fractions of the active g. p. serum after ircai 

ment with (NHj),SO^. 
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Experiment VI: 


Antigen: S. typlii 0. Immune scrum: S. lyplii 0, ililution 1 : 50 G. P. scrum 

or fraction. 


Serum or fraction 

0.5 

0.25 

0.125 

0.0G3 

0.032 

O.OIG 

0.008 

Active scrum 
untreated 

-k -f + 

+ 

-k-H 



+ + + 

+ + + 

1/3 saturation 

1/2 » 

+ + 

+ -k + 

+ + + 

+ + -k 

+ + 

+ + + 

+ d- + 
+ + H- 

+ + + 
+ + 4- 

+ + + 
-t- + + 


Tcclmiquo and reading as in IC.vp. V, 

Exp. VI shows that the inhibiting factor disappears from the active 
g. p. serum after saturation with ammonium sulphate to volume 
while V.T saturation leaves some function in the treated scrum. 

Experiment III and VI show that large doses of g. p. scrum may 
give some agglutination, or rather show a loss of inhibiting function as 
compared with smaller doses of the same scrum. This fact may he 
caused by some power of unspecific agglutination on the part of the 
g. p. serum. This initial lack of inhiI)ilion is seen in many tests, when 
the larger doses of g. p. serum arc emj)Ioycd. To ascertain this fact we 
made an experiment to elucidate this point. 

Experiment VII: 

Antigens: S. lyphi H and O, S. i)aratyi)h. 15, M and O. 

Serum: Active g. p. scrum. 

Technique as in the foregoing tests. 

G. P. .‘^erum in do.so.s: 


S. typlii 0 

S. tj'plii H 

0.5 

■f 4“ 

0.25 0.125 0.003 0.032 O.OlO O.OOSml 

S.paratypli 11 0. 

S. paratypli B II. 

+ 

+ -T- -i- k -f- -4- 


Conclusion: 

Exp. VII shows a distinct agglutinating effect of active guinc:i i)ig 
serum on S. typhi O and S. imratyph. O, but not on the H antigen of 
the same microbes. The initial lack of inhibiting effect- of g. j). serum 
in the former tests then seems to be explainable as an unsi)ecific ag- 
glutinating effect of g. p. sernin in high doses. 

According to the experiments already shown it seems justified 
to conclude that complement is able to inliibit (he agglutination of 
different antigens by their homologous immune sera. It remains to 
be seen wlicther there may be some correlation between the doses of 
complement and the doses of immune serum. This was the aim of 
experiment VIII. 
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Experiment VIII: 

Antigen: S, tj^phi q. Immune serum S. typhi O and OH 
Technique as iiefore. 


0,00 i 0,002 
+++ +++ 


+ + +-?- 
+ + + + 

+ H- + + 

+++ +++ 
+ + -f-ff 
+ + + + 

Agglutinating titers: Sei'um 0 1/640. Serum OH 1/2560. 

Conclusion: 

This experiment, vt'hich has been repeated witli the same resuhs, 
seems to indicate that there exists a certain correlation between 
amounts of immune serum and doses of complement, in as mucii as the 
liter of inhibition of complement increases with diminishing amount 
of immune serum. It also shows that a long period of incubation seems 
to be able to counteract inhibition. 

Discussion. 

The experiments dealt with in this paper make it clear that a 
factor resident in active guinea pig serum is able to inhibit the agglali- 
nation between Shigella and Salmonella strains and their respective 
homologous sera. It seems further that this factor is either the com- 
plement or a factor with the biological characters of the latter. No 
such inhibition of agglutination is found in inactivated guincapig 
serum. 

Several facts seem to substantiate the hypothesis that the said 
factor really is complement: the corresponding titers of inhibition 
and hemolytic power of individual specimens of guinea pig scrum 
and the exhaustion of inhibiting as v,’ell as of hemolytic activity after 
treatment of the guinea pig scrum with increasing doses of ammonium 
sulphate. Further, no trace of hemolytic acli^^ty remains in mixtures 
of bacteria, immune sera and active guinea pig scrum, when those mix- 
tures after the inhibition has occurred are added to a hcniobhc 
system, shoxving that the complement is either fixed or destrojer 
during the previous reaction. 

We may consequently surmise that complement has been adsorbed 


Im- 

mune 

serum 

1:10 

1:100 


1:10 

1:100 

1 : 1000 ] 

1:\0 

1:100 

1 : 1000 ; 


A. Immune scrum 0. 


Incub. 

0,25 

0,125 

Complement in doses; 
0,063 0,032 0,016 0.008 

+ + 

+ -f 




+ + 4- 

S hours 

+ + + 

W -h 

-r- 


-T- 

Incub. 

+ + 

B. Immune 

seriim 

OH. 

+ + 

8 hours 

+ + 

+ + 


— 




+ + 

+ + 

-T- 

-r 

Incub 

-f- -}- + 

+ + -1- 

+ -1- + 

-t-f -l- 

+ + + 

-}- + + 

20 hours 

+ + 4- 

+ + + 

+ + -P 

4- -f- +• 


+ 4- 

+ + -+- 

+ -t + 

4- + 4- 


~ 

4- 
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to the antigen-antibody coini)ound formed during the incubation 
period and that this absorblion inhibits the agglulinalion. 1 "c ex- 
periment may consequently he regarded as a simple complement fixa- 
tion test. But the prolilcm to solve will Ihen be this; How can com- 
plement interfere with the normal agglulinalion bclwcen the two 
normal partners in an agglutination reaction? It will be remembered 
that according to modern conception (Marrac and Hcidclbergcr a. o.) 
the antibody "is a bivalent factor able to bind two antigens lo itself, 
while the antigen is a mullivalent factor being able lo atlacli itself lo 
several molecules of anlibodics. When these two factors read in ideal 
proportions a lallicc is formed, and this lallicc is able lo grow into 
large compounds, ullimalcly growing so large that they precipitate 
when one is dealing witli soluble antigens, and agglutinate when the 
antigens are solid. 

If then some factor interferes with the fixation of antibody to 
antigen or inhibits the fixation of individual antigen-antibody com- 
pounds to neighbor compounds of the same nature, no agglulinalion 
can occur, since no large clumiis of antigcn-anliI)ody compounds can 
be formed. This fatal occurrence may he caused in three ways, whcti 
wo disregard the occurrence of half-haplcncs and only consider the 
possible action of complement. First, the com])lcmenl might be thought 
to attach itself lo the antibody end of the compound, secondly, it might 
attach itself lo the antigen end, or, third, it might he thought to attach 
itself lo the anligon-anlit)ody compound as a wliole. 

Thcrcolically all three liypolhcses may meet llic facts, but it is 
rather improbable that the two first hypotheses should he correct, 
since it is well known that complement in ordinary com]>lcment fixa- 
tion tests is never fixed by any of the two first mentioned factors in 
their isolated condition. It is only when the antigen is sensitized, that 
complement can be fixed. It seems therefore most prol)ahlc that com- 
plement is adsorbed lo the sensitized whole comi)ound of antigen-anti- 
body before the isolated individual comi)ounds have had a clmnce lo 
coml)inc with neighbor compounds. The biochemical explanation of 
adsorption is obscure. One might think that the sensibilisalion of the 
antibody calls forth some altered potential in the comi)ound that is 
able like a magnet to draw the comj)lcmenl to the surface of the com- 
pounds. The latter may then be covered with a film of protein inhibi- 
ting the formation of the lallicc necessary for the agglulinalion by 
isolating the individual antigen-antibody com]>ounds from each other. 

The inhibition of agglulinalion by comi)lemonl is dependent uimn 
certain conditions in the ex])crimenl. Thus a very considerable amount 
of immune scrum and a small amount of complement will show no 
inhibition, evidently because the few molecules of complement jirescnl 
arc unable to hinder the formation of a lattice large enough to ag- 
glutinate, since only few compounds of antigen-antibodies are blocked 
by the complement. A jirolongcd incubation also lends to obliterate 
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the inhibition. It seems that the tendency on the part of the antigen- 
antibody compounds to unite is strong enough to penetrate the 
hindrances of the hypothetical film of complement, if they are onlv 
given time enough to do it. 

The explanation of the initial agglutination in tests with large doses 
of complement may be that the normal agglutinins often present in 
guinea pig sera add their forces to those of the immune serum and thus 
inhibit the action of the complement. 

Conclusions: 

1. The agglutination reaction between Shigella and Salmonella strains 
and their homologous immune sera may be inhibited by a factor 
resident in active immune sera. 

2. The inhibiting factor has been identified Avith complement. 
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TWO NEW SALMONELLA TYPES FROM THE 
BELGIAN CONGO 

By F. Kauffmann and R. Rcul. 

(Received for publication December 13th, 1948.) 

1. Salmonella aequatona. 

Two strains of this type (C 13 and C 15) were isolated in Coguil- 
hatville in 1946 from feces of two European patients with diarrhea, 
in July and September respectively. 

The strains possessed the usual cultural and biochemical attitudes 
of the Salmonella group. No fermentation of adonitol, inositol, lactose- 
salicin, and sucrose. No production of indole, no liquefaction of gela- 
tin, and no decomposition of urea. Rapid fermentation of arabinose, 
dulcitol, glucose (with gas), maltose, mannitol (with gas), rhamnose, 
sorbitol, trehalose, and xylose. Positive reaction in Stern’s glycerol- 
fuchsin broth, and formation of H,S. Prompt growth on Simmons’ agar 
containing glucose and sodium-citrate. Positive reaction in d-tartrate, 
1 -tartrate, mucate, and sodium-citrate after 1 day, and in i-tartrate 
after 2 — 3 days. 

Serologically both strains are identical and have the formula VI, 
VII : z^, z „3 : e, n, 

Cross-absorptions showed that the O antigen VI, VII is identical 
with the O antigen of S. thompson (VI, VII : k : 1,5), the H antigen 
z^, Z 23 with the H antigen of S. cerro (XVIII : z^, Z 33 : — .), and the H 
antigen e, n- z„ with the H antigen of S. glostrup phase 2 (VI, VIII : 
Zj„ . e, n, Zjj), 

As all other Salmonella types with the H antigenic complex z^ 

are monophasic, this is the first diphasic tjqje with H antigen z , z„ 
showing a — )5-phase variation. ^ 

2. Salmonella mbandaka. 

This culture (Ngubela) was isolated in Coquilhatville on May 7, 
1948 from the feces of a negro with tj^hoid fever. On April 23rd a 
strain of Salmonella typhi was isolated from the patient’s blood. 

Acta path. Vol. XXVI, 2 
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The cultural and biochemical behaviour of S. mbandaka is iden- 
tical with the above described behaviour of S. aequatoria. 

Serologically the strain has the formula VI, VII : : c, n, z 

Cross-absorptions showed that the O antigen VI, VII is identical with 
the 0 antigen of S. thompson and that the H antigen Zj(, : e, n, Zjj is 
identical with the H antigen of S. glostrup (VI, VIII : : e, n, z^,J. 

Summary. 

The authors describe two new Salmonella types from the Belgian 
Congo : S. aequatoria = VI, VII : z^, 2,3 : e, n, Zjg and S. mbandaka = 
VI, VII . ZjQ i e, n, 
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7. Salmonella makiso. 

This culture (strain C. 1122) was isolated in 1948 from feces of 
a 3 years old native boy with enteritis, in Stanleyville, 

The cultural and biochemical behaviour of S. makiso is typical 
for members of the Salmonella group. No fermentation of adonitol, 
inositol, lactose, salicin, and sucrose. No production of indole, no 
liquefaction of gelatin, and no decomposition of urea. Rapid fermen- 
tation of arabinosc, dulcitol, glucose (with gas), maltose, mannitol 
(with gas), rhamnosc, sorbitol, trehalose, and xylose. Positive reaction 
in Stern’s glycerolfuchsin l)rolh, and formation of H^S. Prompt growth 
on Simmons’ agar containing glucose and sodium-cilrale. Positive 
reaction in d-tartratc, 1-tartrate, mucale, and sodium-cilralc; negative 
reaction in i-tartrate. 

Serologically the strain has the formula VI, VII : 1, Cross- 

absorptions showed that O antigen VI, VII is identical with the O an- 
tigen of S. thompson (VI, VII : k : 1.5). The H antigen 1, z„s is almost 
identical with the H antigen of S. javiana phase 1 (I, IX. XII ; 1, 7 ..,^ : 
1,5), as H scrum of S. javiana phase 1 was completely exhausted by 
S. makiso phase 1, but in H scrum of S. makiso phase 1 (titer 1 : 3200) 
H agglutinins with a titer of 1 : 100 for S. makiso phase 1 remained 
after absorption with S. javiana phase 1. H antigen of S. makiso is 
identical with H antigen of S. kcntucky = (VUI), XX : i : z^. 

2. Salmonella kibusi. 

This culture (strain C 590) was isolated in 1948 from feces of a 
native soldier with typhoid-like infection, in Stanleyville. 
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The cultural and biochemical behaviour of S. kibusi is identical 
wuth the above described behaviour of S. makiso. 

Serologically the strain has the formula XXVIII : r : e, n, x. 

Cross-absorptions showed that the 0 antigen XXVIII is identical 
vsrith the O antigen of S, tel-aviv (XXVIII : y : e, n, z^^), that H antigen 
r is identical with H antigen of S. virchow phase 1 (VI, VII : r : 1, 2), 
and that H antigen e, n, x is identical with H antigen of S. abortus cqui 
(IV, XII : — :e, n, x). 


Summary. 

The authors describe two new Salmonella tj^es from the Belgian 
Congo S. makiso = VI, VII : 1, • '^c S. kibusi == XXVIll ; r : e, 

n, X. 
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A CASE OF POLYAGGLUTINABLE HUMAN RED CELLS 

By K. Henningsen. 

(Received for publication December 15tb, 1948.) 

Since 1938 six cases of polyagglutinable human red cells have been 
reported (1, 2, 4, 5) the characteristic feature of which was agglutin- 
ability by a majority of human sera independently of the different 
bloodgroupsystems. Of the six cases reported the blood in four ori- 
ginated from patients suffering from serious acute diseases, one from 
a boy treated for congenital syphilis, and one from a healthy young 
woman. All of them belonged to group O, and none of them were ag- 
glutinated at 37®. By titration and absorption experiments some re- 
lationship to the T-receptor of the Hiibener-Thomsen-Friedenreich 
phenomenon was demonstrated (2, 4), and the possibility of a cor- 
relation of the corresponding agglutinin to the non-specific cold-ag- 
glutinins was discussed. The peculiar properly of the cells appeared 
to be an induced transformation, and is was shown to be transitory in 
three (four) of the cases. 

The author has recently encountered a similar blood specimen. It 
originated from a four-year-old healthy boy, and the blood was refer- 
red to the Institute in a case of disputed paternity. Information ob- 
tained from the family’s usual practitioner*) revealed that the boy 
never had suffered from any serious ilness or had been treated with any 
special drugs or sera. The blood, designated blood no. 38, belonged 
to group OM, the serum reacting strongly with A- and B-blood-cells, 
the corpuscles, however, being agglutinated to a varying degree by 
most adult human sera, irrespectively of group. The corpuscles were 
not agglutinated by their oAvn serum or by the sera of the boys father 
or mother, but reacted strongly with the serum of a 3-year-old sister. 
The tests Avere all performed on glass- slide at room temperature, and 
the reactions were read macroscopically after 15—20 minutes. The 
results of those readings are given in table 1. 


*) Sly thanks are due to dr. Budtz-Olsen, Roskilde. 
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Table ■!. 

Reaction of cells no, 38 against sera fi’om: 

+ total per cent + 

adults: 122 23 145 84 

children; 9 40 49 184 

By absorption it was ascertained that the reactions depended on a 
specific agglutinin present in most human sera. The red cells of no. 3S 
removed this agglutinin completely by absorption with one fourlli 
volume of cells at room temperature for 2 hours. The anti-A- and anti- 
B-agglutinins, however, were not inhibited, just as absorption with A- 
and B-cells did not affect the specific agglutinin for cells no 38 
(Table 2.) 


Table 2. 




tested 1 
against 
cells: 1 

Vs 

V 4 

serum dilution 

Vs Vin 

V 32 

Vo 

Anti-A 

no. 38 

Ai 


-b -p 

4-4-4* 

-P-P-P 

-P-P-P 

-PP 

P 

Anti-A 

unahs. 

Ai 


“h "f + 

-f-t--}- 

-P-P + 

-P-P-P 

+ P 

P 

Anti-B 

no. 38 

B 


+++ 

-p-f-f 

-P-P-P 

-P-P 

+ 

X 

Anti-B 

unabs. 

B 


-f- -h + 

+++ 

-P-P-P 

-P-P 

+ 

X 

Anti-A 

unabs. 

no. 

38 


-f-i- 

-P-P 

-P 

— 

— 

Anti-A 

no. 38 

no. 

38 

— 

— 

— 

— 

— 

— 

Anti-B 

unabs. 

no. 

38 


-p 

-P 

(+) 

— 

— 

Anti-B 

no. 38 

no. 

38 

— 

— 

— 

— 

— 

— 

Anti-A 

Ai 

Ai 


{+) 

— 

— 

— 

— 

— 

Anti-A 

Ai 

no. 

38 

+ “f- 

++ 

-P 

(-1-) 

. — 

— 

Anti-B 

B 

B 


— 

— 

— 

— 

— 

— 

Anti-B 

B 

no. 

38 

4" 4' 

-p 

(-P) 





Repeated washings with icecold and warm saline did not alter tl'c 
reactions. 

In order to investigate the influence of the temperature, the cells 
were tested in dwarf tubes against 2 rather potent sera. Prior to testing 
the sera were absorbed in the refrigerator with half a volume of t leir 
own cells in order to avoid the source of error which the non-spcci ic 
cold-agglutinins constitute. After this absorption agglutination 0 
normal 0-ceJIs could not be produced at any temperature. It 
markable that one of those sera agglutinated cells no. 38 at 
contradistinguished from the findings in earlier reported cases. 
reactions, however, were definitely stronger at room-tempera ure a 
strongest at 4°. The result of the titrations is shown in tab e . . 
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Table 3. 


' 

Tempe- 

Serum 

1 



Serum 

dilution 



Vw 

rature j 

Vi 

Vs 

Vi 

1/3 

^/in 

Vffi 

37° 

4/11/11 

f.tr.*) 

■■■ 


— — 


. 

_ — _ 

37° 

5/11/11 

+ -F 


— 

— 

— 

— 

— 

21° 

4/11/11 

+ + 

"i' 


( + ) 

— 

— 

— 

21^ 

5/11/11 

+ + + 


-1- 

4- 

(+) 

— 

— 

■i° 

4/11/11 

4- + -(- 

-f 4- -l- 

4-4-4- 

4-4-4- 

-j- -j- 4- 

4-4- 

4- 

4° 

5/11/11 

+ 4' + 

4-4-4- 

4-4-4- 

4-4-4- 

-+--}- -k 

4-4- 

4* 


’) f. tr. = faint trace. 


The titer of the specific agglutinin is not diminished significantly 
by absorption of the non-specific cold-agglutinins nor does absorption 
of the specific agglutinin diminish the titer of the non-specific cold- 
agglutinins. 


The specific receptor Avas not encountered in the blood ot the hoy’s 
family (father, mother, sister), or by testing a number of random 
blood samples, totalling 65. 

In the scrum of blood no. 38 anti-A-agglulinin (titer GI) and anli- 
B-agglutinin (titer 16) were demonstrated. Non-s])ccific cold agglu- 
tinins were not demonstrable. 


The polyagglutinability was transmissible neither by direct ino- 
culation of a fresh normal suspension with the abnormal suspension 
nor by inoculating from a dried crust of the abnormal blood. Further 
a new specimen was obtained which was tested about an liour after 
the blood was taken. This specimen gave identical reactions. It mav 
for granted that the abnormal receptor is present in vivo 

^nation A ""T resulting from bacterial conta- 

mination. As It was impossible to obtain the blood specimen sterile 
b. cterial cultivation from the blood has not been performed. 

A few days later the author by a lucky coincidence received a blood 
specimen, group BN, exhibiting a tj^pical Huhener-Thonisen-Fricden 
reich-phenomenon.This blood, designated blood W.J., was agglutinable 

wL of anci tif a proporlv 

transhS by blood "<>• ond colls 

idenlica, svilb ttc T-airuS" ;™ 

ling-off o>iperimctl''rabs®ptioTb 5 ™^^ 

releasing of the agglutinin by 48°) bv which fh ^Seralor, 

was oblalnod In saline. Tbis spHliif'iySnreSj;;''™” 
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Table 4, 


Serum 

abs. with 
j cells 

tested against 
cells 

Vi 

Vs 

serum 

V4 

diliilion 

Vs 

ViO 

7/8/11 

unabs. 

no. 38 


-b 

-f. 



7/8/11 

unabs. 

transf. by W. J. 

+ + 





7/8/11 

no. 38 

no. 38 






7/8/11 

no. 38 

transf. by W. J. 

+ 

__ 




7/8/11 

transf. 
W. J. 

no. 38 

(+) 

— 

— 

— 

~ 

7/8/11 

transf. 
W. J. 

transf. by W. 3. 

(+) 

— 

— 

— 

— 


cells no. 38 and with bacterially transformed cells. By testing no. 38 
serum against cells transformed by blood W. J. the corpuscles were 
weakly agglutinated by microscopical control, but it must be borne in 
mind that the cells had been produced by direct bacterial inoculation, 
and as such were liable to spontaneous agglutination. 

According to these findings it might he possible that the scrum 
of blood no. 38 contains an agent which is able to transform the latent 
T-receptor in vivo in accordance with the transforming quality of 
bacterial filtrates of Friedenreich in vitro. In order to obtain evidence 
with regard to this hypothesis, normal group 0 cells were suspended 
in about 5 volumes of serum from blood no. 38 and kept for 24 hours 
at 37®, room temperature and 4°. After washing, the corpuscles were 
tested against potent anti-T-sera. None of the cells were agglutinated. 
On account of scarcity of serum it was impossible to treat more 
samples in tbis way. 

In order to further investigate the relationship between the poly- 
agglutinable receptor of blood no. 38 and the T-receptor of Frieden- 
reich, an attempt was made of producing panagglutinablc cells by 
treating them wdth several strains of actinomycetes (R. von Magnus). 
One of these strains, no. 16, transformed red corpuscles by direct 
inoculation as well as by treating the cells with centrifugated brotli. 
in which the bacilli had been cultivated. In testing corpuscles trans- 
formed by this broth against a number of sera, the cells appeared pan- 
agglutinable, but the reactions did not correspond exactly to tbe reac- 
tions of cells no. 38, In accordance with this, absorptionexperiments re- 
vealed that the corresponding, apparently specific agglutinins were 
not identical. (Table 5). 


Discussion. 

In the formerly reported cases polyagglutinabilily 
an induced propertj' of the red blood cells disappearing grac ua J 
the course of some months, Tbe supposed transforming agen las n 
been identified. In five of the cases severe bacterial disease or r. 
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Table S. 


Serum 

absorbed with cells 

tested against 

„ -o Occlls transf. 

cells no. 38 jjy nclinomj’c. 

8/11/11 

no. 38 

- - 

+++ 

»saline«*) 


+++ 

— 

7/8/11 

unabsorbed 

+++ 

"f- 'h 

7/8/11 

transf. by W. J. 

— 

+++ 

18/22/11 

normal 0-cells 

+++ 

+ 

18/22/11 

0-cells transf. 
by actinomyc. 

+++ 



*) Split-off saline containing the specific anli-38 agglutinin. 


may be suspected of producing the abnormal property', but in Gaffney 
and Sach’s second case as well as in the case just reported the ab- 
normal blood cells originate from apparently quite healthy individuals. 
The author has not been able to demonstrate the transforming agent 
in the serum of the abnormal blood. 

The abnormal receptor appears to be identical with a receptor ori- 
ginating from bacterial transformation of blood corpuscles. On the 
other hand it is demonstrated, that this so-called T-receptor is not a 
serological entity, blood-cells transformed by a strain of actinomycetes 
appearing qualitatively different from blood-cells transformed by an 
accidentally encountered, not identified transmissible agent. Several 
related but not identical T-receptors might explain the apparent in- 
consistency of the experiments of Boorman et al. 

As mentioned, by Boorman et al., it is very remarkable, that this 
peculiarity has been demonstrated in group O bloods only. It must 

r ° however, that the double set agglutinins 

o O-blood increases the chances of detecting any discrepancies be- 

Saa 1 and B-htaodf 

bem?so'rarr‘TirAf'''fr, « "“gM. ‘he phenomenon 

borne in mind, just o” tte HahLr%i3erFrie^e°S 

Su“hre® -taonna, 


nummary: 
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3) By treating normal blood cells with a strain of actinomycctes 
the cells were made polyagglutinable, but the receptor produced in this 
way appeared qualitatively different from the one produced by the 
contaminated specimen, thus indicating the existence of more* than 
one, possibly related T-receptors. 

Addendum: 3 months later the red cells of the boy were agglutinated by 
52 per cent only of adult human sera. The reactions were definitely 
weaker consisting of a few agglutinates among numerous free cor- 
puscles, thus indicating the termination of the survival of the trans- 
formed cells. 


REFERENCES. 

1. Basil-Jones, Z?., Biiih A. Sanger, B. J. Walsh: Nature 157; 802. 19i6. 

2. Boorman, K. E., J. F. Loutit, D. B. Steabben: Nature 158; 446. 1946. 

3. Friedenreich, V.; The Thomsen Hemagglutination Phenomenon, Copen- 

hagen 1930. Disp. 

4. Gaffney, J. C., H. Sachs: Jour. Path, and Bact. 55: 489. 1943. 

5. Levine, Ph., E. Katzin: Proc. Soc. Exp. Biol, and Med. 39; 1G7. 1938, 

C. Magnus, Rigmor von: Undersogelser over en gruppe actinomycctcr iso- 
lerede fra menneskets svmlg. Copenhagen 1936. Disp. 



from the state serum iKsrn-um COPENHAGEN 
(DIRECTOR: J. ORShO ^ . 


AN INVESTIGATION OF THE BIOCHEMICAL 
REACTIONS OF HEMOPHILUS DUCREYI 

By Flcvtviiinj Rciiiniim'). 

(Rccoivctl for inibliciition Dcccinhor IBst, lOiS.) 

In consequence of llie difficulties in isolaliuft and keeping Ducrcy s 
bacilli, only scattered and brief reports have so far been published of 
the bacteriology of the microbe. As a conlimialion of j)rcvious works 
on (1) Conditions of Growth, (2) Diagnostic Cultivation, and (3) 
Sensitivity to Chcmothcrapcutics, this work .aims at elucidating the 
biochemical reactions of the Ducrcy bacillus. 

A number of authors have investigated (lie ferniontation reactions of tlio 
bacillus, and liavc arrived at widely different results; Kainimnra. Y. nnd 
K. Abe (1912) discovered 2 different typos of fermentation; both of them fer- 
mented dextrose and lactose, but only one fermented mannitol. 

Lipinslii, IB. (1923), on the oilier hand, could not demonstrate any fermen- 
tation at .all. 

Unfortunately, those works are only availalile in summaries, in which 
nothing appears about the numbers and ages of strains, media, etc. 

The following original works have been found: 

Hababou-Sala, J. (1925) demonstrated fermentation of glucose, saccharose 
and maltose. Three strains were examined, one of which also showed fer- 
mentation of lactose and mannitol, after jiassagc through mice. 

Assis, A. (Ic (1920) found fermentation of glucose in a 10 fluid serum 
medium. Excellent growth in the medium resulted, and when 0.5% glucose 
was added, acidification occurred at such a rate that, the proteins pre- 
cipitated. 

As to the other biochemical reactions, only the following works have 
been found; — 

Hababou-SaUi in the abovementioned work found no coagulation of milk 
whereas Nicolau, S. and d. IJaiichi (1920) could demonstrate growth in oi*- 
dinary whole milk with neutral i-eaction, and acidification during growth 
(pl'f not stated) which caused the milk to coagulate. 
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Aathor^s Investigaiions. 


Strains: 


14 strains were examined — the same as those examined in (he above 
mentioned work on the sensithity to chemotherapeutics. After isolation the 
strains were dried ad modum Plosdorff & Mndd and kept in valmm’am 

ponies at +4 C. For isolation and drying, reference is made to the author’s 
previous works (1) and (2). aumors 


Media: ■ 

All the belowmentioned reactions were performed hv cultivation in one 
of the following 3 media or modifications thereof; — 

(1) Solid medium consisting of nutrient agar with 1% peptone and 39% 
defibrinated sheep blood. Cultivation was made on agar plates in Petri 
dishes on which growth will only occur when incubation is made in an 
atmosphere of saturated water vapours. This was attained hy placing the 
Petri dishes in closed glass jars with a surplus of water on the hotlom. 

(2) Semifluid medium consisting of thin agar with 30 % defibrinated sheep 
blood. This medium must be of a consistency that will cause the blood, on 
standing, to sediment enough to form a clear fluid layer of about cm at the 
top of the medium. The growth' occurs where this layer meets the blood. With 
the Japanese agar now in use, the composition is: 70 ml 2.5 % agar + 300 ml 
defibrinated sheep blood + 700 ml broth. 

(3) Furthermore, broth with 20% defibrinated sheep blood was used. 
This medium was inoculated after sedimentation of the erythrocytes, and 
growth took place on top of the layer of erythrocytes. 

Incubation was made at 33—34” C. 

Maximum growth was found after 3 days’ incubation on solid medium, 
and after 4—5 days in fluid medium. 


The following reactions were examined: 

Fermentation of carbohydrates. As these reactions are of special 
interest to the classification of types and differential diagnosis, a 
number of carbohydrates has been examined; 

The pentoses: arahinose and xylose*, the methyl pentose: rlianinosc; 
the monosaccharides: galactose, glucose, and mannose; the disaccha- 
rides: lactose, maltose, raelibiose, saccharose, and trehalose; the in- 
saccharides: melezitose and raffinose; the polysaccharides: dextrin, 
glycogen, inuUn, and starch; the glncosides: arbulin, salicin, escuiin, 
and finally the alcohols; adonite, dulcile, erythrile, glycerine, mosilc, 

mannitol, and sorbitol. , 

The mentioned substances were used in 0.5 % concentrations, an ^ 
phenol red was used as indicator ; hut this is explained in grea er ( e 
tail in the following. 


Fermentation on solid medium. 

The first examinations were made with cuitivalwn on ^ sob 
medium consisting of nutrient agar with 1 % peptone and 
scrum. In comparison with 30 % blood agar plates, tins me i 
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ijoor giwth of the Ducrey bacilli, but it is necessary to replace the 
hlood^by serum in order to ascertain any changes in the colour of 
the indicator. Ample inoculation was used, and the tests were rea 
after 4 and 6 days’ incubation. 

Result: None of the strains will ferment any of the mentioned 
carbohydrates on solid serum medium. 


Fermentation in fluid medium. 

On account of the varying reports on fermentation of carbohydrates 
in fluid media, considerable work was performed in an effort to clarify 


these problems. „ 

The usual semifluid sheep blood agar will ferment a variety of 
sugars spontaneously, and a number of experiments was therefore 
carried out in an attempt at finding a suitable semifluid medium. These 
examinations show that when blood is heated for a couple of minutes 
on a 100° C water bath until it becomes brown, it will lose its capacity 
to split the carbohydrates, but at the same time a thermolabile growth 
factor is destroyed and the growth consequently reduced considerably. 
As far as is known, the existence of this thermolabile growth factor 
has not hitherto been demonstrated. On a solid medium with 30 % 
heat-treated sheep blood a reduction is observed in the size of the 
colonies to about one third of normal, and the colonies assume the 
same wrinkled appearance and blurred, indented outline as that 
observed in cultivations on serum plates. It is also found that whereas 
all the strains will grow on plates with heat-treated blood, they will 
grow rather haphazardls' in semifluid media with heat-treated blood 
(the percentage of blood was reduced to 10 on account of the con- 
sistency) showing growth and no groAvth at random, in spite of ample 
inoculation. On a corresponding medium without agar, only consisting 
of ordinary broth with 10 or 20 % heat-treated blood, no growth or 
only microscopic growth is observed. 


Already in 1937 Lwoff, A. and /. Piroskij demonstrated that the 
V factor is of no importance to the growth of Ducrey’s bacillus, and 
Beeson, P. B. arrived at the same result'in 1946. A verification of these 
experiments has been attempted by producing the V factor by water 
extraction of ordinary baker’s yeast ad modum Andre & M. Lwoff 
(1937). The extract was filtrated through a Jena glass filter, and its 
effect examined by means of the filter paper disc method. The medium 
was plates with 30 % heat-treated sheep blood. No effect of this ex- 
tract was observed in the experiments. Similarly, it was observed that 
neither urine, gall or ascites fluid contain the thermolabile growth 
factor required for the Ducrey bacillus. These experiments must pre- 
sumably have established that the Y factor is not identical with the 
thermolabile Hemophilus Ducreyi growth factor. 

Thus it is not possible to produce a medium which will give full 
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using fresh blood, but as the 
after will split a number of carbohydrates spontaneously — xvlose 
T amnose, glucose, mannose, maltose, saccharose, melezitose "nffi 
nose dextrin, glycogen, starch, salicin, esculin, and sorbitol -~’u\vi i 
not be possible to obtain information about any fermentation of these 
substances by using such a medium. To avoid spontaneous fermentn- 
tion of carbohydrates, it is necessary to use heat-treated blood but 
as. the gro%vth is so very much better in fresh blood, the ferineulalion 
reactions were nevertheless examined by cultivation in semifluid agar 
with 30 % non-heat-treated sheep blood, carbohydrates and phenol red. 
For these experiments 2 different kinds of control tubes were used, 
partly tubes with media as mentioned, and partly tubes with the same 
media and indicator, but without carbohydrates. The former control 
tubes were not inoculated, whereas the latter were inoculated just 
like the actual fermentation tubes- In these experiments it was found 
that the tubes with the carbohydrates just mentioned showed the 
same changes in colour as the controls not inoculated, and also that 
these colour changes reached their maximum before the cultures were 
fully grown. In the other fermentation tubes there were no certain 
colour changes, although sporadic traces of a yellow colouration were 
observed. As, however, changes also occurred — likeivise sporadically 
— in the inoculated controls without carbohydrates, the reactions must 
be considered negative, which means that arabinose, galactose, lactose, 
melibiose, trehalose, inulin, arbutin, adonite, dulcUe, erylhrile, glyce- 
rine, inosite, and mannitol are not fermented by cultivation in fluid 
medium of optimal composition. 

In order to examine the fermentation reactions also of carbohy- 
drates fermented by the fresh blood, cultivation w-as made in semi- 
fluid agar with 10 % heat-treated sheep blood to which was added all 
of the above-mentioned 27 carbohydrates. The tubes were amply ino- 
culated with 3 — 4 colonies per tube. Only poor growth was observed 
in these experiments, and the colour changes observed were so faint 
and uncertain after 4 and 7 days’ incubation that all the fennenlaUons 
must be considered negative. 

Although the examinations of the thcrmolabile growth factor clear- 
ly indicate that no appreciable growth may be expected in media wi i- 
out fresh blood, the fermentation of glucose in a variety of met i. 
was examined in order to leave no possibility untried. ^ 

expected, it appeared that there was no colour change in /a s 
serum with an addition of 0.5 % glucose and phenol red. 
in a blood extract produced ad modum WoUstein _ ^ 

with additions of from 0—90 % broth, as well as cultna ion in 
with heat-treated blood as described above, showed mmunal 
growth, and no fermentation was observed in these media. 

As slated, the examined carbohydrates were added o ’ 
in the concentration of 0.5 %. For glucose it was examinet 
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an increase of the concentration would produce better results, hut the 
experiments showed that already 1 % will eause some inhibition of 
growth, which, however, only becomes really pronounced at concen- 
trations of 2 % or more. The fermentation results are unchanged by 
this variation of the glucose concentration. 

As indicator was used phenol red in the concentration of 12 ml 
of the dilution 1/500 per litre of medium. Experiments with indicators 
causing colour changes at lower pH -values (bromothymol blue, hro- 
mocresol purple, and Andrade’s indicator) also show unchanged re- 
sults. 

Attempts at titrating the amounts of acid formed in the tubes in 
order, if possible, to show a difference in the formation of acid be- 
tween the control and the fennentation tubes indicate that this cannot 
be done with any degree of accuracy on account of the consistency of 
the semifluid medium. As mentioned, growth takes place where the 
uppermost clear layer meets the sediincnled blood: hut after 5 — 6 days’ 
incubation, the consistency of this layer is like that of thick jelly. In 
this connection it should also he noted that the colour change in the 
control tubes, as already pointed out, (piitc obviously takes ]ilacc 
without any relation to the growth. 

Result: None of the strains will ferment carbohydrates in the used 
fluid media. 


Voges-Proskaiier’s test. 

Medium: Partly the usual semifluid medium with 30 % sheep 
blood, and partly the semifluid medium mentioned under the fer- 
mentation reactions, with heat-treated blood to which was added 0.5 ^ 
glucose. 

After 6 and 7 days’ incubation 1 ml of 10 % KOH was added per 
tube, and the test was read 18 — 20 hours later (positive reaction in- 
dicated by pink fluorescence). It should he noted that the growth in 
the latter medium is very poor. 

Result: None of the strains show positive Voges-Proskauer test. 


Coagulation of milk. 

As stated in the introduction, Nicolan & lianciu have had growth 
and coagulation in milk. As in spite of rej)ealcd tests, the author did 
not succeed in making his strains grow in whole milk or skimmed 
milk (sterilised ad modum Koch) he tried cultivalion partly in whole 
milk and skimmed milk with additions of 20 % defihrinated sheep 
blood, and partly in semifluid agar with 30 % sheep blood to which, 
after sedimentation of the blood, was added sufficient milk or skimmed 
milk to dilute the uppermost clear layer by about 50 %. In spite of 
ample inoculation — 4—5 colonics per lube — growth occurred onlv in 
the latter medium. After 6 days’ incubation there was not the slightest 
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coagulation in the milk. The tests were repeated several times anrl in 
one case incubation was made for 10 days, without any ehange'in the 
result. With regard to the abovementioned thermolabile growth factor 
cultivation was also tried in Berkefeld-filtrated non-heat-treated milk 
but the Ducrey bacilli would not grow in that medium either. 

Result: None of the strains will groiv in or ivill coagulate milk. 


Oxidase reaction. 

Reagent: Tetrametyl-p-phenylenediaminhydrochloride 1 / 200 . 

The reaction was performed both with plate culture (incubated for 
3 and 4 days) and cultures in semi-fluid sheep blood agar (incubated 
for 4 days). The result was read at once and 5 — 10 minutes after ad- 
dition of the reagent. 

Result: Negative reactions for all strains. 


Indole formation. 

Indole reagent; paradimethsdamidobenzaldehyd 8 g 

96 % alcohol 760 ml 

concentrated H Cl IGO mi 

Cultivation in semifluid sheep blood indole agar consisting of in- 

dole broth ( 1 part of trypsin-digested casein broth -f 2 parts of ordi- 
nary broth) -1- 30 % defibrinated sheep blood + agar. 

When the .culture was 4 and 6 days old the reagent was added in 
such a way as to make it settle on the surface of the medium. Positive 
reaction is indicated by the formation of a red ring where the 2 layers 
meet. 

All the strains showed poor growth in the medium. A repetition of 
the test with still more inoculation of the media gave no change in 
the result. 

Result: None of the strains form indole. 


Formation of hydrogen sulphide. 

Medium: Semifluid 30 % sheep blood agar with addition of 0.1 
lead acetate. Formation of hydrogen sulphide "win be seen bj ) ^ ' 
colouration of the medium. As there was excellent growth in 
medium, no other methods were tried. 

Result: None of the strains form hydrogen sulphide. 


Nitrate reduction. 

Medium: Semifluid sheep blood agar with addition of 0.1 ^ 
sium nitrate. 0.5 ml alfanaphthylamine + 0.5 ml sulfamhc ac 
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added to the culture after 4 and 6 days’ incubation. Positive reaction 
is seen l)y purple colouration, whereas uncoloured medium means ne- 
gative reaction. 

Resnii: None of the strains will reduce nitrate. 


Protein liquefaction. 

Medium : Semifluid 30 % sheep blood agar with addition of slices 
of heat-coagulated white of hens’ eggs. 

Positive reaction is indicated by varying degrees of solution of 

the slices. 

Rc.snlt: None of the strains will liquefy the white of hens’ eggs. 


Liquefaction of sheep scram. 

The procedure is exactly like the one adoiUcd in the above test. 

Result: None of the strains will liquefy sheep scrum. 

Methylene bine redaction. 

Medium; Semifluid 30 % sheep blood agar. 

After 4 and 0 days’ incuhalion, 1 drop of watery 1 9^ methylene 
blue solution was added to the cultures; the test was read after 1, 4, 
and 24 hours. 

Result: None of the strains will decolourise methylene bine. 
Gelatine mcliiny. 

Medium; 30 % defihrinated .sheep blood in gelatine. The gelatine 
was composed as follows; Bullox meal extract %. Parke Davis pep- 
tone %, NaCI %, and gelatine 10 %. 4'he medium was cleared 
by addition of whipped white of eggs, and pH adjusted at 7.6. 

The medium was inoculated while the gelatine was healed to 33° C 
and after sedimentation of the erythrocytes. There was excellent 
growth on top of the layer of erythrocytes. After 4, 6 and 8 day.s' in- 
cubation the tubes were placed in an icebox in order to sec if the 
cultures had melted the gelatine. That solidifies the gelatine com- 
pletely. 

Rc.snlt: None of the strains will melt gelatine. 

Formation of ammonia. 

Medium; Semifluid 30 % sheep blood agar. 

ISessIers reagent was added after 5 and 7 davs’ incubation, which 
^yill cause the medium to become slightly brown, hut not more than 
the control tubes. 

Result: None of the strains will form ammonia. 

Acta path, Vol. XXVI, 2 
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Discussion. 


The tests clearly demonstrate that according to the usual mclhoch 
o examination used in practical bacteriology Hemophilus Ducrcvi 
shows little biochemical activity. But that is also of great imporlanc'e 
inasmuchas negative reactions are just as valuable as positive ones’ 
for distinguishing apparently closely related bacteria. 

After the mentioned experiments on fermentation reactions in 
solid and fluid media, it seems surprising that Assis could demon- 
strate fermentation of glucose for his strains. Unfortunately, his work 
does not mention anything about the number, possible differences in 
the fermentation, or the age of his strains. Assis’s medium was healed 
to 110° C for 15 minutes, and it is therefore impossible that it can 


have had any traces at all of the thermolabile growth factor; in view 
of the excellent growth in his experiments it is probable that be 


worked with old, dissociated laboratory strains. In his w’orlt Assis also 
points out that the tested strains were Gram-positive in alcohol-fixed 
preparations, but Gram-negative in films fixed by heating. All the 
strains tested in this work are Gram-negative in alcohol-fixed prepara- 
tions. This relation to the Gram-staining might give rise to a sus])icion 
that Assis’s strains may not have been Ducrey bacilli at all, but lalcr 
works by the same author show' that there can hardly be any doubt 
as to the identity of the tested strains. 

Kamimura’s and Lipinski’s results cannot be evaluated in detail, 
because the xvorks are only available in summaries with very little 
information about media, etc. For his strains Habahou-Sala slates Ibal 
they are strictly aerobic and give excellent growth in Besredka’s me- 
dium. As for the author’s own strains, they are facultatively anaerobic 


and give only microscopic growth in Besredka medium, in spite of very 
ample inoculation. The explanation of the differences in the results 
of the fermentation reactions must presumalily be that some of the 
strains dealt with in literature are dissociated laboratory strains. 

It is not claimed that the fermentation of carbohydrates by the 
strains has been solved by the reported investigations. But no further 
progress is likely to be made until more is known about the thermo 
labile growth factor, and particularly until it has become possible to 
separate it from the carbohydrate-fermenting enzymes which are also 
found in the blood, Assis’s contention to the effect that the strains 
really ferment glucose can thus not be refuted until it becomes possi i c 
to cultivate on a medium which contains the growth factor. 

With the fermentation reactions it has only been tested whctiier 
the strains will ferment the carbohydrates under formation o 
so that the indicator will register colour changes, whereas the tes s 
do not state whether the substances are digested in other ' 

vesUgalion of this problem would be of great interest, a so or 
classification of tjTies, but unfortunately such an invcsligation can 
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l)e carried out by the author — nor can he go into a detailed investiga- 
tion of the thcrinolabile growth factor. 

None of the biocheinical reactions contrihute to the solution of the 
question of types: details about these ])rohleins will he given at a 
later dale. 

Nicolau & Banciu’s strains, which provoke coagulation ^Yllen grow- 
ing in milk, arc probably also dissociated laboratory strains. The 
authors w'crc among the first to demonstrate that repealed reinocula- 
tions will cause Hemophilus Ducreyi to dissociate, and that strains of 
a certain age will grow on media w’hcrc freshly isolated strains ^Yill 
give no growth whatever. Unfortunately, it does not appear from their 
works whether it was such laboratory strains that were used for the 
reported investigations. 


Siiiumaru. 

The biochemical reactions of 14 Hemophilus Ducreyi strains were 
examined. The results of the tests arc that all the reactions generally 
used are negative. In regard to fermentation of carbohydrates nothing 
can be said with any certainty until it is possible to isolate a thermo- 
labile growth factor, about which some details arc given. 

In regard to growth in milk, fermentation of glucose, etc. confor- 
mity is not found with the results previously reported in literature. 
It is staled that these investigations were undoubtedly carried out 
w'ith old, dissociated laboratory strains. 


BIHLIOGRAPIIY 

Andre ct M. Lwoff: Proc. hoy. Soc., Loiulon. Series B. 122—352—1937. 
Assis, A. dc: Compt. rend. Soc. de l)iol. 9.S— lOOS— 192G. 

Beeson, P. B.: Proc. Soc. Exp. Biol, Med. C/— SI— 19iG. 
Hababou-Sala, J.: Bull. Soc. franc, dc dennaV. et sypb. 32—99—1925. 
Holm, P.: Ada path, ct microhiol. Scandinav. 2;.'— 37G— 19iS. 
Kamimnra, Y. <9 K. Abe: Ci(. Dermal. Wchnschr. !i;i — 122S — 1912. 
Lipinski, IF.; Polska gazeta Ickarska 32—581—1923. 

Gif. Zcntralhl. f. Haul.- u. Geschleclilskr. /O— 167— 192}. 

Lruoff, A. d- /. Pirosky: Compt. rend. Soc. de biol. 12'}— 11G9 — 1937. 
Nicolaxi, S. tt A. Banciv: Ibid. 9li — 109 — ^]92G. 

Rc7j77iann, FI. (1); Acta path, ct microbiol, Scandinav. 24 — 208 — ^1917. 
(S): Arch. Inst. Pasteur du Maroc, In press. 

— (3): Acta path, ct microbiol. Scandinav. In prc.ss. 


2 }' 



FROM THE FOOT AND MOUTH DnP t 

the state sBiim, msmvTE 


IRRADIATION OF FOOT AND MOUTH DISEASE A^RUS 
WITH ULTRA-VIOLET RAYS 


By S. Schmidt, A. Hansen d> p. Hohn. 
(Received for publication January 1511), 1959.) 


The past few 3-ears have witnessed the publication of several com- 
munications reporting that some viruses, on being irradiated villi 
ultra-violet light, are transformed into non-toxic modifications capable 
of producing immunit3- when injected into the animal organism.’) 
Among these viruses are those of rabies and psittacosis. By means of 
the irradiation method it lias been possible to prepare vaccines against 
rabies which, in animal experiments (mice) seem to be moorc active 
than those hitherto used in jrraclice, i. e. virus attenuated by desicca- 
tion or inactivated by chemical compounds, especially phenol. 

As far as we are aware, no experiments have been performed with 
foot and mouth disease virus, for wliich reason we considered we 
ought to examine whether this virus could be inactivated by Ibi.s 
means, whether the inactivated substance had immunizing propcrlic.s, 
and whether these ju'operties were just as good or perhaps belter than 
those possessed by- the vaccine now employed (Schmidt-Waldniann). 
In the following we shall quite briefly- report on the results of our 
studies of the pure fundamentals; a comparison of the effects of 
merely- two vaccines being rather circumstantial, time-consiuning and 
very exacting as regards the number of experimental animals (guinea- 
pigs and cattle), because as y-et there is no true standardization method 
for vaccine against FM.") 


’) We shall refrain from any comi»lete liislorical retrospect and menhou 
merely a few of the most recent works which liavc lieon of jiarliciiliu 
in our studies: H. ITabel & B. T. Sockridcr, Journ. Immvmolog. Ibw, 

K. Habcl, Publ. Hoalth Rep. 1917, C2, 791 and R. D. Francis. A1 ' 

F. B. Gordon, Proc. Soc. Exp. Biol. & Med. 19i7, 66, ISt. Franz 
and S. 0. Levinson: A new metliod for the production of imtcnt ' 

vaccines with ultraviolet irradiation. 1. Principles, technic 
Publication withheld by the Committee on Medical Research of tc 
of Scientific Re.search and DeAclopjjicnt. 

-) FM = foot and mouth disease. 
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Apparatus and Technique. 

Placed in the centre of a triangular metal stand of stainless steel 
is a silica tube with a diameter of 5 mm. and a- length of 90 cm. 

At each corner are three cylindrical lamps, so that they are 
equidistant from one another (120°). The distance from the outer wall 
of the lamps to the silica tube is 15 mm. The lamps are Westmghouse 
sterilamps WL and are 80 cm. long. For the protection of the ex- 
perimenters the entire apparatus is enclosed in a steel jacket which 
is easily removed when work is finished. In the upper end of the 
silica tube is a separating funnel in which is mounted an electrically 
driven agitator. The lower part of the tube ends in a fine glass nozzle 
fitted on with a length of rubber tubing which is fitted with a slo]> 
cock. 

In order to determine the irradiation time the separating funnel 
is filled with water, the cocks arc opened so that the silica tube is 
filled up, whereafter the stop-cock in the bottom is closed. The lamps 
are switched on, a sto])-watch is started and the stop-eock opened, a 
flask having been placed under the glass nozzle just before. The time 
taken for 100 c. c. to run through the tube when the cock is wide open 
is then determined. The irradiation time can be varied by regulating 
the stop-cock. 

For the first tests our initial material was a virus suspension (vi- 
rulent guinea-pig or cattle lymph) containing 1.4 % virus adsorbed to 
aluminium hydroxide.^) The quantity of the latter was 50 %, cor- 
responding to 0.9 % AkOj. This adsorbate is of the same composition 
as that forming the initial point for vaccine production by the Schmidt- 
Waldmann method, in which is also added formaldehyde, whereafter 
the mixture is heated to 26° for 60 hours, then homogenized, etc.") 

Prior to irradiation the adsorbate is diluted with 9 parts of freshly 
distilled, carbonic acid-free water; the agitator in the separating funnel 
is started and irradiation proceeds as already described, the time being 
varied. 100 c. c. diluted adsorbate was used in each irradiation test. 


1. Experiments with Guinea-Pig Virus. 

The virus used was of type A Vallee, and the titre, i. e. the smallest 
quantity of virus capable of inducing FM when injected intracutanc- 
ously into guinea-pigs, was 10—7. 

The results of some tentative experiments showed tliat the virus 
lost its infectivity when irradiated for a certain time, but retained a 
greater or smaller power of immunization according to the duration of 
the irradiation. 

IVlien the irradiaUon time is too short there are still toxic remnants 
in the adsorbate: if it is too long the immunizing power is destroyed. 


I" Preparing vaccine for practical use. 
) b. bcnmult. Maanedsskrift f. Dyrlscger, 19-11, 53, i. 

S. Schmidt & A. Hansen: Maanedsskrift for Dvrlaiacr 1914 '■;« 79 
By selecting the correct irradiation lime one^ obtains non toSc ad- 
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sorbales of a high immunizing effect, i. e. the virus has been tnn. 
formed into vaccine. 

bolo'I- » «"Slc oxperimcnl, lal,„|,ri„| 


Table 1. 


Exposure in seconds 




Test of 



infectiveness 

i 

immunilv 

540 

0 

0 

0 

- - 



0 

0 

0 



- 

360 

0 

0 

0 






0 

0 ■ 

0 



■ 

195 

0 

0 

0 



■ __ 


0 

0 

0 



■ _ 

75 

0 

0 

0 

— 




0 

0 

0 





65 

0 

0 

-1- 

— 

— 


+ 

+ 

“h 



45 

-1- 

+ 

+ 




+ 

+ 

+ 



21 

+ 

+ 

+ 




+ 

-f 




10 

+ 

-t- 

+ 




+ 

-f 

+ 




+ = FM 
— = immunity. 


The first column of the table shows the irradiation time in seconds. 
The next two contain the results of the tests of infectiveness and 
inimunitj' respectively. Six guinea-pigs were employed in each test. 
Each animal was injected with Vz c. c. intramuscularly in each hind 
leg and three intracutaneous injections in eacJi planta, a very severe 
test. It will be seen that the samples exposed for 540, 360, 105 and 
75 seconds were all harmless, the symbol O signifying that ncitlicr 
local (i. e. on plantae) nor general signs of FM were observed. 

The sample which iiad been exposed to irradiation for 65 seconds 
still contained a small residue of virus, as two-thirds of the animals 
acquired FM, the other tliird manifesting no symptoms. 

The remainder of the samples, which had had a still shorter ex- 
posure, viz. 45, 21 and 10 seconds, were all highly toxic, all the in- 
jected animals acquiring ty'pical, generalized FM. 

The animals that had no FM symiptoms after injection willi die 
irradiated adsorbate were subjected to an immunity test eight tajs 
later,. 10,000 infectious virus doses being injected intracutancoii.d.v 
into one planta. Six fresh animals received the same dose. The .a 
developed typical, generalized FM in the course of the next fen « ay • 
whereas the vaccinated animals had merely local reactions o 
intensity at the injection site, hut in no case manifested genera ixc 
disease (secondary aphthae, loss of weight, salivation, loss o appe i 
etc. xvhich characterize the disease). 
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2. Experiments with Cattle Virus. 

We need describe pnlj' a single experiment, comprising a very 
small number of animals. 

We employed lymph prepared on 3 cows by intralingual injection 
and collecting the material 24 hours later. The litre for cattle vas 10-7, 
for guinea-pigs 10—5, i, e. moderately virulent for the latter animal. 
An adsorbate containing 1.4 % virus and 50 % Al(OH )3 was prepared 
in the usual manner, then diluted with 9 parts of water and irradiated 
for varying times. The different samples were then injected into 
guinea-pigs hj' the usual method. 

Using the two samples which in the guinea-pig test had given the 
clearest results, i. e. those exposed for 165 and 60 seconds respectively, 
we injected 6 cows, three with each sample. All the animals w'ere in- 
jected intralingually (the most sensitive site) and also subcutaneously 
with 100, 60 and 30 c. c. After fourteen daj’s they were again injected 
(except the one that developed FM, see table) intracutaneously in the 
tongue with 10,000 times the virus dose capable of producing gene- 
ralized FM in non-immunized animals. The experiment^) gave the 
following result: 


Table II. 


1 

1 

i 

1 

Injection dose 

No. of| 
cows 

Tests of 

infeclivily j immunilv 

A. Sample 

1 c, c, intra- 


modei’ate local 

irradiated 

lingual + 

1 

0 reaction at inj. 

165 seconds 

100 c. c. subcut. 


site, but no gen. 


symptoms of FM 


1 c. c. intra- 

lingual +. 1 0 

60 c. c. subcut. 


total immunity 


1 c. c. intra- 
lingual + 

30 c. c. subcut. 


moclei'afe 
gen, F.M 


not tested 


B. Sample 
irradiated 
60 seconds 


untreated 
cow (control) 

1 c. c. intra- 
lingual -f- 
100 c. c. subcut. 


gen. FM. 


total immunity 


1 c. c. intra- 
lingual -f- 
60 c. c. subcut. 

1 c. c. intra- 
lingual + 

30 c. c. subcut. 
untreated 
cow (control) 


small primary 
aphtha at inj. 

site, but no gen.*®^'^^ immunity 
symptoms 

6 total immunity 


gen. FM 
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II will be seen that there is fairly close agreement between these 
results and those obtained with giunea-])igs. Detoxication was not 
complete; but, having regard to the severe test to which the animals 
were exposed; injections into the longue and into the sulmiitanemis 
tissue there can only have been small toxic residues in the irradiated 
adsorbates. On the other hand, the immunity here was more pronmin- 
ced than in the guinea-pig tests, as in four cases there was not even a 
local reaction at the injection site; this agree with the fact that calti'e 
virus is a belter antigen to cattle than to guinea-pigs. II was remark- 
able that an animal which had received only 30 c. c. (= 3 c. c. nn- 
diiulcd vaccine) was also immune. In fact, in another cxperinicnl wc 
xvere able to immunize a cow with 3 c. c. (corresponding lo 0.3 c. c. 
undiluted vaccine). This shows that irradiated adsorbate possesses a 
particularly high immunizing effect. 

Irradiation experiments with virus diluted in saline conluininn 
m/500 phosphate buffer at pH 7.6 showed tliat the virus was Irans- 
formed in the same manner lo anavirus. This too has a {iowerful im- 
munizing action, but the immunity is of relatively shorl duration. If 
adsorbates are prepared from these anaviruses wc get vaccines with 
a more i)owerful action (i. e. they immunize in smaller doses) ami 
giving longer immunity than the irradiated virus alone. 

Conclusions, 

Tire virus of fool and moiilli disease, wlicn irradialcd with uUra- 
violel light under suitable experimental condilions, is transformed 
into a non-toxic modification (anavirus) wliich possesses dislincl im- 
munizing properties. This applies lo both guinea-i)ig passage vims amt 
cattle virus, and the virus behaves in practically the same manner 
whether we use a sim])lc dilution in saline or an adsorbate. »”■ 
munizing properties of a detoxicated virus dilution can he inlcnsi icc 
l)y adsorption to aluminium hydroxide. 

Investigations are in progress regarding a comparison of Ihc aclion 
of these vaccines with the aclion of foriuolized and lieat-trcaie( a( 
sorhalcs, as well as experiments on perfecting the Icchmque or irra- 
diation. 
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Subacute bacterial endocarditis used to run a fatal course within 
a few months, although it could last a year and even longer. ^ ct after 
the sulpha preparations came into use, frequcnl recoveries were 
published and it a]tpears now that several cases of subacute bacterial 
endocarditis can ho made to recover on itenicillin medication, pro- 
vided the treatment is initiated in time and adequate dosage is ap- 
])licd for a sufficient duration. In recent limes slrei)lomycin has also 
been used with encouraging results (Giixx’ 15M8). 

The comparatively short time of observation lends however to 
render an assessment of the results difficult so far. It must ho taken 
into account that even if the bacteria disajipcar from the blood while 
the treatment is in progress, they may possibly conlinue alive in vege- 
tations which are difficult of access to the bactericide, owing to the 
surrounding layers of fibrin. Frequent rcla])ses argue for this, lo 
which those patients arc especially liable who have been treated with 
small amounts of penicillin. The results of treatment were also claimed 
lo have been impaired by the circumstance, that the scar formations 
developing during the treatment lead lo severe heart insufficiency 
which subsequently causes death. {liloomfiehl ct at. 111-15). 

An attempt is made lo throw some light on these circumstances 
by publishing below .six unscleclcd cases of subacute bacterial endo- 
carditis with pronounced clinical features, treated with ])cnicillin and 
examined jmsl-mortally. 

The treatment was incom])lcte and unsystematic, (the patients 
having been treated at different hospitals), .since at the lime there 
was but little experience of a i)enicillin medication and a severe 
shortage of the drug. In dealing with the cases, attention is mainly 
directed to the ]mtho-anatomical changes found in the hear! and to 


Actr-. p.illi. Vol. XXVI, 3 


21 



360 


such findings in other organs whicti may be taken to iliustr-.U. th. 
activity of the disease. In addition, bacterial stainings have been carried 
out m histological preparations in order to detect bacterial colonics. 


Cmc S A male, aged 27, wjio as a child developed heart di.sea-^e in 
quonce of anpna, was hospitalised with a liistor.v of fever for about a veu 
He liad leceived at fir.st some sulplia and penicillin cures, which aiiv'iv^ 
abated the fever for some time, Tlie blood cultures were negative hut tiw 
diagnosis of endocarditis lenta was supported by a prolonged febrile enm-p 
mitral lesion, patent ductus arteriosus, skin embolies, bemafuri!i, higii sedi- 
mentation rale {SR 140) and secondary anemia (Hb 40). Finallv ’the patient 
was administered penicillin 250,000 to 1 million units per 24 bouV.'i for a tin,;, 
of 11 weeks, in all 20 million units. The fever fell at once after the initiation 
of the treatment and the general condition improved but the .scdimentatiwi 
rate continued liigh (120) and the Hemoglobin level could not he made to vhK. 
After tbe ligation of the ductus arteriosus tlic patient died suddciilj', iiavinL* 
been afebrile for a period of 16 weeks. 

Pnst-7n.orlcm e.vaminatiou revealed a dilated heart, weight :10O g. Tiip 
mitral valves were thickened and showed several wartlikc growtiis the .-iiie 
of a pin’s head, from which small parts were easily detached. The vaiv,.; 
were thin and the chordae temlinae normal. The aortic valve revealeil an 
changes. Distally to the artoria suhclavia sinistra the ductu.s began Iroin 
the aorta 3 mm long and 4 mm wide. It was firmly ligatured and no ma- 
croscopic inflammatory signs were found in the vjcinit.v. The .spleen was en- 
larged, weiglied 380 g. and exhibited an infarct the size of a finger tip. The 
kidneys liad a slightly granular surface with hemorrhages. The cortical 
layer was reduced and of a diffu.se structure. Both hmg.s U'cre atelectatic 
and the left pleural cavity filled with about half a litre of dark iilmisly 
exudate. Chronic tonsillitis was found in addition. 

The histologicul examination gave indications of chronic focal iieiiiiritiN 
a recent infarct in the spleen and chronic tonsillitis. The pieces taken frein 
the heart revealed a certain extent of fibrosis in the myocardium, particidarh’ 
round the blood vessels, which were engorged in places. Xo sigii.s indiriiiiw 
of recent inflammation were disclosed in the heart muscle, and no Aschotts 
bodies. The mitral valve was thickened and fibrotic, revealing a significant 
amount of small nodes formed from granulation tissue, covered in pbwe^ by 
a thrombus mass in the jirocess of organisation. Here and there a fitin fit'! in 
layer was seen direct on the .surface of tlie connective tissue. This latter 
was firm, liyalinised, with very few nuclei. There were no cellular reaction' 
in tjtc mitral valves. Specimens taken from ductus walls revealed that the.' 
were covered by a thrombus containing a large quantify of granuloc.vtc.'. J >' 
margin of tiw thrombus and the wall had abundant granulation tmpue am 
polvntm'iiimmirlcar leukocytes. Staining by Gram's method did not renio 
barieriu’eithcr in the heart muscle or in the valves, hut colonics « 
were seen in the walls of the ductus. Those bacteria were Grani-posi I'l c' • 
present, in rcdatively small quantities and not staining readily, rioi <* 
any visible grouping be fotmd. Bacteria were not .seen in any samp's .i 
from ntlier organs. 


Case 2. A mate, aged 37. At the ago of 22 be was found to 
of the heart and gave now a history of sweating, woakne.?s -■>"<' . 

ishness for over a year's time. The diagnosis Endocarditis Icn a ■ • ' 

on the basi.s of a prolonged febrile state, aortal lesion, hematuria, ' 

15) and enlarged spleen. The blood culfnrc.s f: '’ 

adminr.sfered penicilJiii for a period of o weck.s . 0000 10006 - ^ 

in 21 hours, totalling 20 million units, and after that .streptoinyui 



0 tinii's in iKiiir.s !l in all. Tli.« hIuiIimI a( ..nc.' ..ii Ha- s.'coinl .lay 

aftf'r III.' penicillin niedicalimi was stiiriia! and lliere was no rclap'-e (or it 
w.'eks, when death ocenriv.l. While the p.piieillin Irealineiii was in inopress. 
the psxtienv’s heart instiffieietiey sympiniiis weri‘ eontitiitally .'ippraxaleil and 
the diastolic nnirnntr was int.'nsified. 'rite pati.'nt stiectnnhi'.l to heart failnr.,'. 
Scdinitnitaliott nite persisted hiph for the whide lime of the Ireatni.'nt (70 
nnn/h.) 

'I'lie post-morlcin findinps lent stipporl to the endoe.'irditis letiia dtapnosis. 
'I'he heart was enlarged, weighed 7tld g.. tlie heiirt ninsele was firm, Ihiekene.l 
Ihroiighont aitd tla* section r.'Vetiled a greyish-hrown sni’faee. I he cavities 
were strongly dilaie.l jind contained hlood eoagtila. 'fhi* intt.'i* niendirane was 
thin. The aniorior cns|) of the mitral valve e.onlaine.l two rotind cysts lh<‘ 
size of a pea, with a smooth sttrface and filled with hlood. 'riii' aortic valve 
showed tow corrosions amt in the thicKened and ptirtly scarred free margin 
nitmer.ais .'xereseenees rescmhlitig etiiiliflower. with a maiidy firm hiii itt 
pl.ie.'s somewhat soflee eonsisieney. Tliromhns mass was aNo fniiiid here 
and there', .'stasis was fotind in all the org.'ins, 'I'lie liver weighed ■-’iH'l g,. ll..' 
s|di'en 500 .g. and it had a e.aiple of sinall iiWari’ts. .ster.ais fliii.l was ;dinmtant 
itt till' perieanlintn attd the ))letir:il eavilii's. ‘I'lie liidney exhihited sif;i|,; in- 
dieative of focal m'jihrilis. and there was edema in tlie hrain. 

Ilixldhiriictit examination of specimens t;il;en from ili.' heart reveah'd that 
the cysts of the anterior eiisp of tlie milr;il valve weie th.' size of a pea i-on. 
taining hlood hut tio signs .if an aeliv.' inflammation. The aortic valve w.is 
fotittd to hi' stf.mgly thiclicn.'.l. ll consisted ol a firm partly hyahnised ion. 
n.'ctivi' lissn.' and its stirface i.'vi'nleil in places eh'Vatioiis formed hy gij.ini- 
lalion lisstK'. ami in plac.'s .scarr.'il d.'pr.'Ssions. Ididothelinm I’onld not he 
distinguished hut immciliately covering the comieciiv.' tissije ther.' was a 
Itiy.'r of filiriii of variahl.' ihickn.'Ss. ,\o inflammtiiory cells weri' fotind in 
111 .' aortic valv.'. 

fi/7//.i-sl!iiiiing ri'vi'.-ileil on the hoini.liiry l.etween comieciivi' tissue and 
fihrin Itiyer hact.'rial foci, fornie.l hy (irtitii-posiiive .occi. There was no vi- 
sihle grouping, ffig. 1), 
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further supported by persistent fever, mitrni lesion cnln,v,«r! , 
Osier’s nodes and anemia {Hb 48). The patient u-as ndminSrla 
30000 units 8 times daily, altogether 3,8 million units fever subsS *”’ 
the second day, but rose again in a fortnight . when tbs natieiu m 1 
symptoms of cerebral embolism. Sedimentatfon ra e pc listcd at TO o fo'II 
the whole time of hospitalisation. 

The 'post-viorlem findings supported the clinical diagnosis. Tlie heir! 
considerably enlarged in every direction and weighed 400 g. Both ventricle^' 
the left especially, were strongly dilated and the walls somewhat bypcrtro- 
pined. Tlic left atrioventricular opening wa.s i fingers wide. The free marcin 
of the bicuspidal valves was torn and covered with (lirombus masses whemw 
the other valves did not reveal any changes. The spleen was onlnrpcd 
weighed GOO g. and its pulp was disintegrating. In addition stasis wa.s foumi 
in liver and lungs, the lungs revealed edema, the kidneys signs typical of 
nephritis and there was chronic tonsillitis. The left parietal lobe of ibo brain 
revealed an emollition focus the size of a woman’s fist, containing a puipy 
mass. Histological specimens were not taken in tins case. 


Caxc i. A male, aged 31, who for a lime of two years had suffered from 
lassitude. 3 months prior to hospitalisation he came down with diarrhea ant 
fever, which latter had persisted since. Blood cultures were negative, yi! a 
diagnosis of endocarditis lenta was established on the basi.s of prolongf"! 
fever, aortic and mitral lesion, hematuria. Osier's nodes and anemia (Ifb 51!. 
The patient was administered penicillin for a time ot 5 weeks 30000 units S 
times per 24 hours, altogether 8 million unit.s. During penicillin irenimeni tiir 
socliinentatlon rate decreased from SO to 13. hut tlie hemoglobin level re- 
mained low.. Dyspnea was continually aggravated, systolic and diastolic 
murmurs were intensified and the stasis rales increased. Having been afebrile 
for a time of 8 weeks, the patient died with .s.vmptoms of heart in.suffidency 
and pulmonary edema. 

The post-morlem findings .supported tlie clinical diagnosis. The hear! 
was enlarged, weighed 570 g. The atrioventricular openings were wide and 
the cavities dilated. The aortic valve was covered will) a thick ihvomlui.s iiias.' 
and was thickened hut whole. Additional findings: ascite.s, an enlarged liver 
with .stasis, pulmonary edema, nephritis and furtliei-niore infarcts in liver, 
kidneys and spleen. 

The liislnloffical examination brought to light tliat the nnisrle ccUs o! 
the myocardium were somewhat hypcrtropiiicd and there was .slight tibrouf. 
hut no signs indicating recent inflammatory processes. The aortic vaiw 
showed .'ibundant verracosc nodes formed by loose or partly byaliniscd u'w 
nective (issue and firmer scar formations. The endothelium was also thir.- 
ened in places. No signs of active inflammation were found. The kidncy.« r>- 
voaled an old infarct and signs of chronic focal nephritis. 

Gru Mi-staining demonstrated in places bncfcrial colonies in the coiinr > 
ti.ssue of the aortic valve under the endothelium, but no cciltilar 
in (heir vicinity. The bacteria stained .strongly in places and 
to be Gram-positive cocci, whereas they partly stained very poorl.v- t ig- ' ■ 


Case a. .y male, aged .38, who as a child hud Imd angina id er « u •• 
heart lesion was ascertained. He had contracted influenza 2 moni is b’’ . ^ 

udmi.ssion and l)ocn feverish since then. The '"'odimentafioii rate tai . 
between 80 and 110. At the hospital the imticnt was found to ‘ 

anemia (HI) 55), a patent ductus arteriosus, aortic and J!)ilrui esn . 
turia and enlarged spleen; on the basis of tlse.sc finding? a . -tv,,, 

cai'diti.s lenta wa.s o.stabli.shed, altbotigb ail blood cuHttre.s weje > • • 

patient was administered jjeniciHin .'jOWO units 8 times per ^ * 
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S-iSr 0..C 3 .o„«,s ..e 

a %'evy poor condition. He had septic fever, SR 102, Hh 45, a mucn suonfec 



Fig. 2. 

Case 4. Aortic valve covered with a thrombus in process of organisation. 
Bacterial colony, which Gram-staining revealed as Gram-positive cocci. No 
cellular reactions distinguishable around the colony (van Gicson stain). 


dilatation of the heart than before, pulmonary stasis and exudate in the 
pleural cavities. The patient died in a few daj’s with symptoms of sepsis 
and heart failure. 

Post-mortem examination revealed that tlic heart was hypertrophied, en- 
larged and weighing 490 g. The margins of the left atrioventricular valve 
showed wartlike growths the size of a match head. No changes were found 
in the otlier valves. The ductus was 4 mm long and 3 mm thick. Tlie end 
next to the aorta had a funnel-shaped groove with wartlike formations. Other 
pertinent findings: enlarged liver with stasis (3500 g.), pulmonaiy stasis and 
infarcts in spleen and kidneys. Tlic spleen was enlarged and weighed CIO g. 
The kidneys revealed changes characteristic of nephritis, and both lungs 
pneumonic foci. 

The histological examination of sections taken from the liver, kidneys and 
heart supported the post-mortem findings. There was abundant fibrosis in 
the myocardium and in places, as signs of an active inflammation, accumu- 
lations of polymorphnuclear leukocytes. The mitral valve was thickened, re- 
vealing locally nodes formed by a firm and partly hyalinised connective tissue 
and depressions lined by a thin layer of fibrin, in places ulcerations and 
thrombi were seen, abundantly containing polymorphnuclear cells. The 
thrombi were recent in places and in places in the process of organisation. 

Grfl7n.-staining revealed abundant Gram-positive cocci in the thrombi, both 
in their marginal parts as well as deeper on the border of the connective 
tissue. Emboli consisting of bacteria were also disclosed in- the kidneys. 

Case 6. A male, aged 24; he had had angina at the age of o and was said 
to have a weak heart since then. Subsequent upon a tooth extraction he had 
become feverish and this state persisted up to his admission to hospital 2 
months later. At the time of hospitalisation his general condition was bad, 
Hb 48, SR 80, he was found to be suffering from a slight heart insufficiency^ 
aortic lesion, enlarged spleen and hematuria. Although the blood cultures 
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m th<f dia^rnosis .^ndorawihis Iw,!,, ina.i. on tl,,. .. 

fans (}('«crii»eri nhovo. The* panorU \vas iuhninistorod iMniu-illin 
units (iaiiy for (: wanks, aitogether W iniirion imit.s The h>\or abated on 
third day of tmairncnt and did not ndurn for a moniii, ,\i fh.u tit,.'., o 
pationt linvoJoped a iarpe Iicinatoma on thn lowi>r part of du* pfi.n, I ,{■ , 
pruiiarily in consfiinenco of severe anemia and a j.oor peiifoa} nnu]-H 
Tiie heart insufficiency the jmlienf was sijffeHn.e from wiiei, ii„. nvaiL'.’s 
was initiated, sftowed .sipns of imfirovenient since (iy.spnea Itecatne l.-i.,,,, 
tile iiver (iecreaswi in size atid the .stasis rales .suhsided. The ,sedini,.m.,(|, 
rate remained tit hetwoen 70 tind SO for the whoh' time of liosjdialisatiori,' 

Tlie iifist-iiHirlrm findinp.s sufijmrled (iie diagnosis of endorardiii.- b,,;, 
The lieart was enltirpred, wefgiied fitlO g. The titriovenirietihir v,,,-. 

wide itmi ali cavities targe. The cusps of tJie aortic valve sli'nvrd z 
margins up to .7 mm tliickness with a firm consistency and yelbmid; ,,*i 
surface. They revetili'd olevtilions and nlcertttions; these chtinges remimi. t 
to Use posterior .surface of the mitral valve aitd the chordae letidhme. vdmb 
wore tiitckeneci, shrunken and showed catilif!ower-Hke formuliotis a< wdt a. 
nleeratimi.s. The closing margins of (he mitctil vtdve cusps htul snia,> stniarU 
scarred thickening.s. The jiortti, coronary arteries and heart nnisrle pn’-’ji!' 1 
Ifie ustjtil apfiearance. The liver weiglted i'KKt g. tnid disclosed .sigi,.- ol st;.d. 
and ftitty degetieration. The spieeti was enlarged. Signs typical nt ai-j-iaito 
and small old infarcts were found in both kidneys, as welt tis in the ?iv 
Titere wjis a fresh (hromhus mass adhering to the wtiU at tlie site of ninaf, 
cation of the left femoral artery, and a Idooil clot the siye of fi-ts 
fotttid hetween the muscles of the anterior snrface of the thighs. 

■fUe iiufofo.i/irof examination of the \a!vc.s. liver and kidiie.v.s at,., fen- 
sisteni with the post-mortem findings. Tlie heart muscle a|tpeared tioniia!. 
although there wtts some .«light fibrosis in places and .^lightly liypiTlhrepif: 
ceils. There were no signs of recent iitflaimnaiory pmeesses nor any .X.^chefi ? 
bodies, piece taken from the ensp of the mitral valve revonled ^car ti-",.. 
deficient tti fells, hut no .«igns of recent inflammation. Nor did the sevtivU' 
demonstrate any fibrin layers or throndms mass. The aortic \alve rena!''! 
ii\ tiie suh-eiuioiheliat connective tissue jioiymorjihmirli’ar leukofyic-. '*1.' 
abundant here and there, and in jdaces hone tissue was seen. The ,ii4" 
theliuni was stroti.gly thickened, and the tissue e.viiiiiited deep iilrer.di c.i- 
covered with fibrin and thromlnis mass. Some ihromhi were recent, and '•"{i,. 
in the process of nrpani.'^ation. 

t7roiii-s(aining did not reveal any fiacteria in the mitral valve, bin in 
the aortic valve, immediately under the endothelium and in tlie tiirotniii tii' .- 
were ahumiant colonies of Gram-jiositive cocci. The cocci were seen in 
tvvo-lhree in a row, Init in gcneival they did not show any grovipini; tm 
eofonies were sharply limited and no cellidar reactions were vi-ibb* in >■'■■■ 
\ ieiiiit.v. 


On .slmiying the elinicnl nsjvecl of the cases it becomes evident Us.4 
although all cxhiiiitod unmistakahic clinical symptoms of stih.irut? 
hactcrinl endocarditis, the hlood ciillnres were ]>osiUve in one 
stance only. Cmninon to nil was a cardiac lesion, and two casw i.s 
in adiiition a patent ductu.s arteriosus. Prior to the initiatmn of 
Un therapy the cases had run a fdirile course of lb to 
the start of tlie irealtnenl the sedimenlation rale of the 
recited 7b min fi in at! cases amt tlemoghdn'n of the hlood was pc,.. - 
.")(> with one exccjvlion. where U was aa, ttefore the (rc.dmtn 
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begun heart insufficiency was found in 4 patients, in 3 of whom it 
was leftsided. The patients all received a penicillin medication, and 
one was in addition administered streptomycin. The total amount of 
penicillin varied between 3.8 and 45 million units and the proper 
penicillin cure lasted from 2 to 11 weeks. It was a common feature 
to all that the temperature subsided on the second or third day of treat- 
ment. In five instances there was no relapse before death occurred, 2 to 
16 weeks since the initiation of the treatment. In one case the fever did 
not return for 8 weeks when it rose again and persisted, since tliere 
was no treatment, until death occurred in 12 weeks. From the thera- 
peutic point of view case 1 presented striking features, having ex- 
hibited a febrile course for somew'hat over a year. This patient w'as 
initially administered 15000 units 8 times daily, altogether 6 million 
units, and was subsequently afebrile for 4 months. Having again 
run a temperature for 2 months, he was given penicillin 1 million 
units daily for a week, after which he continued afebrile for a fortnight- 
when his temperature rose again. The patient was immediately sub- 
jected to a similar cure and there was no fever for 3 weeks. As it 
rose again, the patient was administered penicillin 250000 — 1 million 
units daily for 11 weeks, during which period there was no tempera- 
ture. The cause of death was a massive atelectasis after the ligation 
of the ductus arteriosus. In the remaining cases heart failure w'as the 
cause of death for three, hrain emboly for one and one died of anemia, 
partly hemorrhagic anemia. In those four cases who exhibited sym])- 
toms indicative of heart insufficiencj' before the initiation of the the- 
rapy, the disease was aggravated in two and was the immediate cause 
of death, whereas in two it showed signs of improvement, although 
one of them died later with symptoms of heart insufficienc5% liaving 
first run a febrile course for 12 weeks in the absence of treatment. 
Those two cases who had no symptoms of heart insufficiency before 
the treatment, did not exhibit any while the therajjy was in progress. 

At autopsy all the cases revealed changes tyj)ical of subacute ))ac- 
terial endocarditis. Thus they all had ulceroverrucose changes in the 
heart valves, signs characteristic of focal nephritis and infarcts in the 
spleen. The valvular changes involved the mitral valve in three and the 
aortic valve in three cases. In five cases the ])ost-mortem findings were 
supported by histological examinations. 

It was then disclosed that in three cases no signs arguing for an 
active inflammation could be detected in the heart valves. They were 
thickened and formed from scar tissue deficient in cells and partly 
from hyalinised connective tissue. In one of these cases there was no 
fibrin layer on the valves, one had a homogeneous fibrin layer im- 
mediately above the connective tissue, and one case revealed thrombi 
in the process of organition in the valves. It is noteworthy that all 
cases exhibited verrucose valvular changes in which proliferating con- 
nective tissue was found. In the first case whose valves had neither 



ril.rin li.ycT n..r ll.n.inbi. Ih,. wall of II, c ,,:,lcnl d»c(»s arteriosus 
slunvi'tl ivt-nU and partly or^-anisii,^; llin, minis with and nhund-int 
ainomil <.| f'ramil.n'ylfs. Of tl„. n-maininf- two hislolof-irallv exainiued 
rases one had hour tissue m, the anrlie valve as a mark of a previous 
inflnininahiry proress; marks of rerent inrianiinatinn were deep ul- 
rrrations rowred with tihrin. slmwiuK <'ii the horderline of the con- 
nective tissue alnindant pidyinorptmurlear ieukoeylrs. Tliis case also 
tuid old sear torinalions of tt,r mitral valve. 'I’he second case cxliihUcd 
on the mitral valve liolh old scar formations and recent tlirornid, 
abundantly rontaininj; Knimdorytes. SlainiuK revealed bacteria, in ad- 
dition to these two rases witti bisttdoKical findint’s of marks of recent 
int lamination, also in all tin* ott,er oilier histolo^'ieally examined cases, 
atlhonph one of them did not exhitiit any in tlie valves, hut in the walls 
of the patent duetus arteriosus. Only oiu- ease liad ahuiuianl hacleria 
in the Ibrmnbi. wtiereas in all others they wen* seen in sharply li- 
mited eolonies lielwei'i, eonneetivi* tissue and lliromhns (fip. 1 and 2). 
'I’lie bacteria wen* in esery instaiiee (irain-posilive cocci, .slainine 
stronply in tlircc and md so well in tin* remaininp two cases. No 
distinct pronpint; cmild lie recoj^nised. 

We are tlierefore aide to eonelnde that, aside from the clinical 
(deture of the <*ascs atnl the post-mortem findings, the .slainin.d of 
bacteria also supports (lie tiieory lluit tin* disease was siibaeutc line* 
lerial endoearditis. and in all pmbatiility l*auloeardilis Ionia due to 
streploeoreiis viridans. 'I'be eircumslance that Die blond enlturcs were 
ne.i'alive in five eases also prior to the initiation of. the penicillin 
therapy may perhaps be due to a dt*fieirnl enllure Icehniipu*. 


.t r(iniii(iriitiiir slitdi/ of lltr clittintl roitrxr, llir llirrapij mill the 

IKist-mnrli'iu fiiiiliinis. 

In iiniirovinp' eases of snliaente baeterial endocarditis Itic signs 
of licalini^ to lie expected are. in addition to liie disappearance of 
bacteria from llie lilood, a fall in lemperatnn*. a (ieercasc* of the .sedi- 
mentation rale aiul a rise of llie lib level as well as pain in weight- 
In the cases published here it was not po.ssible. however, to ohserxe 
the disaiipcaranee of bacteria from the blood, .since the blood cnUiircs 
were nepalive before Irealmonl. as already mentioned. It could ip 
aseerlained in all these rases that the lem]H'ralure fell to norin.d on 
the second or lliird day of bepinninp Irealment- but onl> 
showed a sipnificanl fall in the sedimenlation rate, while the H» p'^ 
jiersislcd low. In Ibis ease who died afler an afebrile course o 
week.s' diiralion of bcarl in.snffieieney, a bislolopical process o m' 
provcinent could als’o be demonstrated. No inflammatory cc s x ^ 
found in the valves wbiob only revealed scar formations and ^ 

nodes. '\'el there were in this case as well as in two otliei, 
able baeterial colonies in the valves on the margin of the connee 
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tissue, but no cellular reactions in their vicinity. These findings con- 
tradict several i)ost-mortcni studies already puhlishcd, where no bac- 
teria were found in the valves. In fact the general opinion ])revails 
tiiat bacteria arc destroyed under treatment [Geiger 1947. Rosenblatt 
1945. Thill 1947). Nor is the process of recovery described by Saphir 
1946 supported by this material. Saphir found in the recovery stage 
necrosis, some bacteria and lime in the periphery of vegetations, i. c. 
on the free valvular margins. In the cases investigated here bacteria 
were inA’ariably found in the basic fibrin layer on the border of the 
connective tissue. 

Observations similar to those of this paper have, however, been 
made already (.Tones, Kennedy, Mokotoff, Virkkunen, Clirislic). Tlie 
bacteria were then partly regarded as dead, ])arlly as such whose vi- 
rulence had decreased. Tlie decreased virulence at least also becomes 
evident on the basis of this nmlerial, since no cellular reactions were 
found in the vicinity of the bacterial colonics. The investigations car- 
ried out did not jdcld any full certainly as to whclbcr the bacteria 
were dead, but it appears probable that this was not the case, whereas 
the virulence only was reduced. In order to clarify Ibis problem the 
researcbes are being continued by making post-mortem cultures of 
vc.gctations immediately after death. It must be staled as well that 
in several cases verrucosc proliferation of the valvular tissue continued 
during the time of treatment. 

It must therefore be deduced on the basis of this material that al- 
though the treatment which varied between 3 and 45 million penicillin 
units eliminated the fever in every instance and brought about a hi- 
stologically demonstrable improvement, yet it was not sufficient for a 
complete destruction of bacteria. In a patient who was administered 
45 million units no bacteria were found in the valves- but in the wall 
of the patent ductus arteriosus. 

With regard to the aggravating effect of i)cnicillin medication on 
heart insufficiency it must be observed that of the six cases in Ibis 
material, four .showed .symjUoms indicating heart insufficiency before 
the initiation of the treatment, and in Ibrce instances it was leftsided. 
In two of them heart insufficiency was intensified during treatment 
to such extent, that the latter must be held partly re.sponsible for the 
^SS*'>i^’^tion. This opinion is sujijiorlcd by the histological findings in 
these cases in so far as both exhibited scar shrinkage in the aortic 
valves. It must be noted, however, that scar shrinkage was also found 
in patients who did not reveal any clinical symptoms of heart insuf- 
fiency. It is further noteworthy that those tw’o cases who had no 
heart insufficiency before the beginning of treatment, did not devclo]) 
any while it was in progress, and that a slight heart insufficiency af- 
fecting one of the cases was improved under treatment, although this 
patient died later witli symptoms of heart insufficiency, having suf- 
fered a relajise of fever in the absence of adequate treatment. Yet it is. 
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-evident that the scar formations developing at the sites of lesion 
during pemcillm treatment can promote heart insufficiencv if v-m 
vular damage was advanced before the beginning of the treatment 
Under these circumstances the result of antibiotic treatment is 
questionable m cases where insufficiency is advanced at the moment 
the therapy is instituted and the febrile course has been prolonged. 

T'he fact that heart insufficiency is such a frequent cause of death 
in penicillin-treated patients may be primarily due to the circumstance 
that the patients who die are those whose heart insufficiency is al- 
ready advanced when they come for treatment, while others stay 
healthy at least apparently for a long time; secondly, as demonstrated 
by Fiese 1947, the penicillin medication prevents the patient from 
dying of emboli and generalised sepsis, thus allowing insufficiency 
time to develop in a damaged heart. 

Aside from the scar formation of valvular lesions under penicillin 
treatment, the heart insufficiency is promoted by other causes as veil. 
These are in the first instance myocardial changes and possibly con- 
tinual verrucose valvulitis, to which attention is drawn by Virkkunen 
(1948). Changes in the myocardium are common in association with 
subacute bacterial endocarditis (Saphir 1946). Myocardial lesions then 
manifesting themselves are abscesses, diffuse or local inflammation, 
perivascular accumulations of round cells, small infarcts and Aschoff’s 
bodies. In addition to them, Saphir describes in penicillin-treated cases 
special foreign body granulomas which- according to him, develop 
around the calcium emboli from improving valvular vegetations. Such 
granulomas were not found in this material. Myofibrosis was mani- 
fested in all the cases and in one who had active inflammation in the 
valves, it involved the myocardium as well. 

As already mentioned, a possibly continuing verrucose valvulitis 
has also been ascribed some significance in promoting heart insiiffi- 
■ciency in patients who have apparantly recovered under penicillin 
therapy. In this material three cases who had no active valvular in- 
flammation deeper in the valvular tissue, developed small suheutane: 


ous nodes formed by granulation tissue. Their appearance can, as 
supposed by Virkkunen, be partly attributed to avirulent streptococci, 
particularly since all such cases had bacterial colonies in the valves, 
without any adjacent cellular reactions. Observations made in anima 
experiments also argue for this possibility. It has been experimenta y 
demonstrated (Clawson 1945, Dick et Schwartz 1946) that even less 
virulent streptococci can produce endocarditis, often typical su lacu e 
bacterial endocarditis, provided the bacteria are administered or a 
sufficient length of time. It can therefore be assumed that streptococc 
detected in the heart of patients treated with relatively n^^ssive peni- 
cillin doses, maintain a continual slight verrucose valvulitis w uc 
a cause of later developing heart insufficiency. 
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Summary. 

The iiialerial conipriscs six unsclcclcci cases of subacvilc haclci ial 
endocarditis with pronounced clinical symptoms, treated witli peni- 
cillin and examined postmortally. Only one case had a positive blood 
culture. Two had a patent ductus arteriosus. Three revealed changes 
chiefly in the aortic and three chiefly in the mitral valve. 

The observation is made that even if quite small quantities of peni- 
cillin often abate the fever and bring about an also histologically dis- 
cernible improvement, yet even considerable amounts of penicillin arc 
often insufficient for a complete destruction of the bacteria. 

Streptococci continuing their existence after an insufficient peni- 
cillin medication, aside from being able lo cause a relapse, probably 
also maintain a verrucosc valvulitis which can later i)romole the aj)- 
pearance of heart insufficiency. However, it seems that the appearance 
of heart insufficiency is mainly affected by Ibc scar formations at the 
sites of ulceration. 

An early diagnosis is imperative if the treatment is to yield good 
results, since if a patient has already dcveIo])ed a severe insufficiency, 
the significance of an antibiotic Ircalmenl is questionable, the scar 
contractions developing in the process only aggrevating the heart in- 
sufficiency which rapidly runs a fatal course. 
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MORPHOLOGICAL CHANGES IN THE GASTRO- 
INTESTINAL TRACT OF THE WHITE RAT FOLLOWING 

INANITION-) 

By Eifiil Hess Tlinyscn <f' Jorn Hess Thayscii. 

(J^eceived for puhlicaliou December 20l)i, 19i8.) 


During llie European luinger endemic at the end of the second 
World War protracted and severe diarrlioeal diseases frequently oc- 
curred. In si)ite of the best possible conditions for ravishing epidemics, 
especially in the concentration camps, strangely enough only a rather 
small number of the numerous diarrhoeas were infectious. This is 
also confirmed, i. a. by Adchberger (]5)46). IJscomp (1945), Tbaysen 
& Tliaysen (194')). Koning (1946), and Lamy, Lamoitc & LamoUe- 
Borillon (1946). 

A number of authors {Faroy, Arnoiis & Ricard, 1946; Aykroyd & 
Copalan, 1945; Edge, 1945) have assumed that most of the non-infec- 
tious diarrhoeas are due to a B-avitaminosis. It is not very likely, how- 
ever, that avitaminosis would occur to any considerable extent owing 
to the heavily reduced caloric value of the food in the European hunger 
areas. This is experimentally proved by Keys (1946) who shows that 
human subjects living on European hunger rations for half a year do 
not present avitaminotic symptoms. A large majority of authors (i. a. 
Barger, Sandstead & Drummond (1945); Liscomp, 1945; Thaysen & 
Thaysen, 1945; Lamy, Lamotte & Lamotte Barillon, 1946, and Mako- 
maski, 1946) also claim that avitaminoses w’ere practically' not observed 
clinically during the European hunger endemic, and that the J 3 -vitamin 
complex did not affect the diarrhoeas. It is consequently unlikely tha 


the diarrhoeas may have been of avitaminotic nature. 

It is quite characteristic that the diarrhoeal disease primarily oc 
cured among the most starved sections of population, and that r s 
intensity in the individual patient was parallel to the universa 
atrophy' of the organism. This is particularly' claimed and horn out y 


*) Supported by a grant from frk. P. A. Brandts legat. 
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Peralds & Bakalos (1943); Liscomp (1945); Makomaski (194/) and 
Thaysen & Thaysen (1948). Accordingly it will be reasonable to con- 
sider the diarrboeal disease as a link in tbe hunger disease in line 
with its additional characteristic symptoms; Cachexia, edema and 
polyuria. It has, therefore, been assumed that the diarrhoeal disease 
as well as the other symptoms mentioned are caused by the diet, in- 
sufficient in calories and protein. In the Anglo-Saxon literature the 
diarrhoea is frequently referred to as »nutritional diarrhoea«. The 
term »nutritional diarrhoea* must, however, in our opinion, be taken 
to mean diarrhoeal diseases caused hy nutritional injuries of any kind 
whatever. The term will consequently include something else and more 
than the specific diarrhoeas due to starvation, (for instance also 
diarrhoea of pellagra). We have, therefore, similar to the terms hunger 
cachexia and hunger edema preferred the term »hunger diarrhoea*. 

The hunger diarrhoea had a typical clinical course. The stools 
were profuse, watery or slightly feculent and frequently contained 
undigested food remnants. Occasionally they contained blood, but, as 
far as we know, never pus. The course was always afebrile in un- 
complicated cases. Anorexia, nausea or vomiting were not charac- 
teristic, on the contrary, nearly all patients suffered from hunger and 
thirst. The consequent frequent break of diet always aggravated the 
diarrhoea, not unfrequently with fatal effect. The violent diarrhoeas 
often involved extreme exsiccation and acidosis. The hunger diarrhoea 
was, without any doubt, the most severe symptom of the hunger 
disease, and, at any rate the most frequent cause of death. The treat- 
ment should consist of a lenient diet during the first days, for instance 
with skim milk and thereafter rapidly proceeding to full diet rich in 
calories. Parenteral nutrition was rarely necessary and moreover al- 
Avays very risky (circulatory collapse). 

The said clinical picture in connection with demonstration of un- 
digested food in feces suggests a progressively reduced digestive and 
resorptive function of the gastro-intestinal tract in the course of 
chronical starvation. By autopsies Peralds & Bakalos (1943), Liscomp 
(1945), Thaysen & Thaysen (1945), iMakomaski (1947), and Pollack 
(1947) have found atrophy of the tissue of the intestinal tract. Espe- 
cially the mucosa has been affected, and ]mrticularly in the colon 
muscularis or even serosa has been found denuded on big parties. 


Experimental investigations by Jackson (1915) show that the 
Aveight of the intestinal tract in rats decreases heavily during starva- 
tion .When the total Aveight of the rats is reduced by averagely 35 
per cent, the Aveight of the gastro-intestinal tract, the liver, and the 
spleen Avill be reduced by about 57 per cent. The reduction in Aveight 
of muscles and integuments corresponds approximately to that of the 
whole of the organism, Avhile the weight loss in nerve tissue, lungs, 
heart, kidneys, and a series of glands is less than the average. Sun 
(192/) and d’Ancona (1927) microscopically found atrophy" of the 



372 


mucosa or the gastro-inteslinal tract in starved rats and mice. The 
alro]>hv is most ])ronounced in the small intestine, especially in the 
duodenum and here especially hits apex of villi, while the basal coal 
of Ihe mucosa keeps proportionally longer. 

Cnri & Cori (1927) found that the resorption of glucose is slower 
in rats having starved 48 hours than in rats having only stan'ccl 24 
hours. Magee & Reid (1933) showed that the hji^erglyccmic and 
specific dynamic effect of glucose is reduced in starving fowls. Further 
it appeared that the same dose of glucose always gives diarrhoea in 
fowls having starved more than 96 hours, while it is absolutely re- 
tained and resorbcd in fowls having starved less than 72 houns. 
Magee & Reid further found that the motoric function of the small 
intestine and especially the motility of villi is heavily reduced during 
starvation, fiorrespondingly is found (Rumpel & Knack, 1916 and Pol- 
lack. 1947) by X-ray examination of hunger diarrhoea patients tj^jicai 
deficiency bowel pattern« expressive of reduced motoric function of 
the intestine in spite of the diarrhoeas. (The same X-ray picture i.s 
found at idiopatic stcatorrhoea (Gee-Thaysen’s disease) and at the 
African diarrhocal hunger disease Kvasbiorkorr.) 

To summarize, tbe exi)eriments with animals show’ that the in- 
testine suffers surprisingly heavily during starvation. Clinically as well 
as on post mortem examination so many points of resemblance with 
the hunger diarrhoea in starving people are found that it may tempt 
to further extension of the experiments already made in this direction. 


Material and Experimental Technique. 

For the experiments i.s used a breed of rats of an average weight of 
122 g (114 — 135 g). The animals are not fully grown up. Rats from 
this breed which, during the experiment, have had free access to food 
iKid an average increase in weight of 1.7 g in 24 hours. Rats of average 
weight consume about 2.5—30 g of the food used in 24 hours. (This 
food consists of a mixture of 20 kilos rolled w’heat, 2 kilos powdered 
skun milk, 3 kilos casein and 1 kilo luncern flour together with a little 
sodium chloride and calcium carbonate.) 

Fach experimental animal has been placed in a separate cage pro- 
■^ided in the bottom with wire netting allowing the excretes to fall 
outside the cage. All test animals were allow’ed to drink as much water 
as Ihev iiked. number of control animals have had access to un- 
iimded food during the whole period of experiment. The remainder 
of the .inimals have been on inanition, partly partial (i. e. 7 — 8 g food 
da\ I, in which they averagely lost 1/3 of their weight in about 8 — 10 
partly total, by which they had a similar loss of weight in about 
f a\s. It h.5s been tried to re-feed a few of the starved animals after 
osn in weight of about 1.'3. For this re-feeding there has been used 
ordinary rat food in slightly reduced doses or, during the first day.s. 
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a concentrate of skim milk, gradually increasing to ordinary food. 
The stools have been controlled every daj' diu'ing the experiments. 

The animals were killed hy neck stroke. As soon as the animals 
were killed, or possibly found dead, the gastro-intestinal tract, liver, 
kidneys, and heart were taken out for weighing. All superfluous tissue, 
as for instance mesentery fat has been carefully cut aw'ay, and by 
cautious rinsing the contents of the stomach and intestine has been 
removed before weighing. At the same time preparations have been 
taken from stomach, intestine, liver, kidneys and heart for micro- 
scopy*). The preparation of duodenum has been taken nearly 1 cm 
from the pylorus, of jejunum 8—10 cm from the pylorus and of ileum 

8 10 cm from the ileocoecal junction. (Microscopical examination 

has not been carried out on animals found dead to avoid possible er- 
rors arising from autodigestion of the intestine.) 


Experimental results. 

In table 1 a series of particulars regarding experimental conditions 
and results is to he found. A summary of food conditions for each test 
animal is also given; further explanation is specified in the section 
»Material and experimental tcchnique«. The weight of the animals 
at the beginning of the experiment, during the same (before eventual 
re-feeding), and at the end of the experiment is given in g., and 
eventual loss in weight in per cent of the original weight of the- 
animals. The weight of the organs is given in g. with one decimal 
(more exact weighing of the humid and rinsed organs we have not 
been able to allow ourselves for the present). Corresponding to the 
weight of each organ is also indicated the relative weight, i. e. that 
Iicrcentage the organ in question amounts to of the total body weight 
at section. By comparing the corresponding relative weights of the 
control animals you can easily decide whether the loss in weight of 
the organ corresponds to the average loss in weight of the organism 
or, maybe, is bigger or less than this. 

As is to be seen from tlie table the gastro-intestinal tract as well 
as the liver lose considerably in weight during starvation, as the loss 
of weight in these organs is relatively higher than that of the whole 
organism. In the control animals the gastro-intestinal tract amounts 
to about 8 per cent, of the body weight, while in starved animals it only 
amounts to 5.1 to 7.2 per cent. With respect to the liver the cor- 
responding figures are about 4 per cent, and between 2.4 and 3.8 
pel cent., kidne 3 's and heart, it must he admitted, lose slightlj' in 
absolute weight, hut the relative weight of these organs is ordinarily 
increased. Compared with the control animals the spleens in the- 

*) All preparations are formalin fixated within 10 minutes after the ani- 
mals have been killed. 
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starved animals were extraordinarily small 
spleens are noi weighed). 


{Anclreasen, 1943), (the 


Further it appears from the table that the animals are affederf 
mlher heavily during tlie starvation, bht that, by the same relative loss 
in weight, the general condition is most affected after total inanition. 

In a few animals the stools were thin and mucous but not visibly 
mixed with blood, or evil-smcUing during starvation. . ^ 

It has been tried to re-feed a few individual animals. All animals 
which at once got free access to ordinary food died, while animals, 
which exclusively had concentrate of skimmed milk the first days' 
rapidly recovered. 


The descriptions of the autopsies speak for themselves,- it is most 
astonishing to see how rapidly the intestine recovers its nonnal niacro- 
scojiical appearance by successful re-feeding. 

Figg. J — 4 show a selection of microphotograi>hs (magnification 
1:50) partly of normal duodenum, jejunum and ileiiin and partly 
of the same section of the intestine in rats having starved under 
varying conditions as specified in table 1 . It is chiefly' conspicious that 
the epithelium on villi in the starved animals is practically lacking, 
and that the destruction of the epithelium frequently extends rigbl 
down to the bottom of the crypts. At the same time the subinucosa 
has shrunk considerably, and also the miiscularis can he rather 
atrophic. There is no symptom of edema or congestion. Finally a 
number of pictures sliow how the intestine is almost perfectly re- 
generated in re-feed animals. Microscopy of the liver in starved animals 
show chiefly loss of cytoplasm within the individual cells, but no major 
microscopic changes are traceable here, no more than in the stomach 
and colon. 


Discussion. 

Like Jackson (1915) we have shown that the weight of the intestine 
is considerably reduced during starvation as the loss in weight is 
compai'atively larger here than that of the whole organism. By micio- 
scopy we have found out like Sun (1927) and d’Ancoaa (1927) that 
the heavy loss in weight is due to an atrophy of all laj’ers of the sma 
intestine, especially of the mucosa and submucosa. The alterations 
mentioned are, at the same loss in weight, independent 
whether the animals have been starved acutely' or more chronica y - 
acute starvation the heaA'j' alterations are evident already aftei r ays 
As appears from the description of the autopsy' the deposits o a 
have been consumed by this time, consequently the animals 'J 
to cover their basal metabolic rate and consumption o 
body proteins (the animals are all very unquiet during the starva i ■ 
Therefore, it is quite likely that the atrophy of the intestine is ca 
liy the deficiency' in calories and primarily by' the lack o pro ei 
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Tabic /. 


No. 

Diet 

Initial weight 

Weight at time 
of refeeding 

Weight at 
necropsy 

Gaslro intesti- 
nal tract 

g- 

Weight los 
in per cen 
of inilinl 
weiglit 

S 

' g. 

Weight los: 
in per cen 
of initial 
weight 

S 

' rr 

to* 

Wcij;Iit ir 
per eeiil 
of liofiy 

wei<!lll III 

necropsy 

1. 

Full diet (4 days) 

135 



138 


11.1 

8.0 

2. 

Full diet- (4 days) 

130 



133 


10.8 

8,1 

4. 

Partial inanition 
(10 days) 

117 

} 

f 

1 

1 

1 

1 SO 

1 

1 

32 

5.3 

6.6 

0. 

1 

Partial inanition 
(8 days) 

1 

1 

1 

! i 86 

1 j 

' ^ i 

28 

5.4 

6.2 

0. 1 Total inanition 

1 (4 days) 

1 

115 

i 

i 

1 

t j 

( j 

1 

< 1 

; 1 

1 

1 

1 

34 

4.8 

, 6.3 

7. i Total inanition 
; (4 days) 

121 1 

f 

i 

! ' 79 

! 

35 

0.3 

1 

6.() 

8. i Total inanition 

1 (4 days) 

! 

120 j 

1 

1 

i 

85 

29 

4.4 

5.1 

9. i Total inanition 
j (4 days) followed by 

1 re-feeding on normal 
■ food (4 days) 

114 ! 

t 

77.0 

32 

71 

38 

0.1 

7.1 

10. ; As 9. 

128 

1 

90 

28.7 

83 j 

35 

(- 

6.0 

7.2 


11- j Total inanition 
j (4 days). Refed on 
1 skim milk followed 
, by inci’easing 
; amounts of normal 
I food 


3. 


Partial inanition 
(10 days). Refed on 
skim milk followed 
by increasing 
amounts of normal 
I food. (8 days) 


135 


9-1 


30.4 


134 


120 


82 


32 


10.7 


8.0 


123 


10.1 


8.2 


Acta path. Vol, XXVI, 3 


25 
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I.ivcr i 

Kidneys 

Heart ! 

1 


XetTop- 

g. 

Weight ill 
per cent 
or body 
weiRlit al 
necropsy 

a 

rv» 

Weight in 
per cenl 
oC liody 
wciRlit al 
necropsy 

a 

o* 

WeiRlit ill 
per cent 
of liody 
weiglit at 
necropsy 

Clinical picture 

sy (le- 
scrip- 
tion*) 

5.o() 

4.0 

1.2 

0.0 

0.5 

0.4 

Completely normal 

A 

1 

0.45 

4.1 

1.2 

0.0 

1 

0.5 

0.4 

Completely normal 

, .\ 

1.0 

2.4 

; 0.7 

1 

1 0.9 

i 

0.4 

0.5 

1 

General condition rather 
bad. Stools scanty but 
normal 

I B 

2.1) 

, 3.0 

: 0.8 

; 0.0 

0.5 

j 0.5 

1 

j 

1 

General condition rather 
bad the last da)^ Diarrhoea 
the last day. 

! B 

2.9 

‘ 3.8 

! O.S 
* 

! 1.0 

! 

0.4 

1 

' 0.5 

1 

General condition rather 
liad the last days. Stools 
scanty but normal 

i B 

2.4 

3.0 

, 0.0 

I 1.1 

1 0.4 

( 

1 

i 

0.5 

General condition very bad 
1 the last day. Stools scant) 
1 but normal. Found dead 

i B 

i 

1 

2.0 

3.1 

' 0.8 

1 

1 0,9 

i 

j~0.4 

1 

; 0.5 

1 

1 General condition very bad ! B 
the last day. Stools scanty ; 
j but normal. Found dead ; 

2.1 

3.0 

i O.C 

1 0.9 

i 

; 0.5 

! 0.7 

1 

General condition very bad i B-1 
the last day. Stools scanty ; 


DUi noniui*. - 

cover during re-feeding. 
Found dead 


1.0 I 1.2 I 0..O 


O.o 


General condition very bad 
the last day. Stools scant) 
but normal. Does 
cover during re-fceding. 
Found dead 


B-1 


O.S ! 0.5 


General condition very bad | 
iiip last day of starvation. > 
Stools liquid and “ucou^ 
Gets perfectly normal on 
re-feeding 


5.15 


General condition very bad 

the last days of stai'ato_ 
Complete recovery duiinb 
SSing. Stools normal 


I I I I I I 

>cum very thin and cellophane-like transparent Fat 

aosTperfe^ctly lacking apan 

B— 1; same appearance as B., but siomacu, 

th undigested food. 


the other hand it is hardly conceivable that manifest avitaminoses 

should he capable of developing so quickly. 

Regarding the microscopical picture of the mucosa it cannot he 
excluded that the almost universal lack of epithelium is artificially 
produced during fixation. On the other hand it is evident, that the loss 
of epithelium is only found in starved animals and that the remaining 
epithelium in these specimens is flattened and ati'ophic. A possible 
artificial lesion, in our opinion, must therefore he the consequence of 
intravital changes of the epithelium resulting in decreased resistance 
to the trauma of fixation. 

It is evident that the different functions of the intestine must suf- 
fer heavily owing to such a considerable atrophy. It also appears that 
the starved animals do not stand re-feeding on an ordinary did. The 
loss in weight continues during such an attempt at re-feeding, the de- 
crease being, however, at a slightly reduced rate. The reduced rate of 
the loss in weight is presumably mainly due to retention of consider- 
able quantities of food in the stomach and the iqijier part of the small 
intestine, though it cannot, on that basis, be excluded that a smaller 
part is rcsorbed. It is, however, worth mentioning that all the food 
which is in the gastro-intestinal tract is quite indigested. If the starved 
animals get concentrate of skimmed milk the first days, they soon 
recover perfectly. The heavily injured small intestine is consequently 
capable of treating and resorbing this food. As mentioned it is 
astonishing to see how quickly the intestine regenerates on skimmed 
milk and how perfect this regeneration is.. 

As mentioned in the introduction also in human beings with hunger 
diarrhoea atrophy in the tissue of the gastro-intestinal tract is found. 
The alterations correspond entirely to the exi)eriments in animals re- 
ferred to, aside from the fact that in human beings the colon is 
usually most severely affected. 

To judge from our experiences (1948. 1949) from a large material 
the »hunger diarrhoea« occurs at the moment when the patients have 
lost 20 — 30 per cent, in weight. According to the aforesaid it is reason- 
able to assume, that already at this loss in weight, there is such a 
I)ronounced atrophy of the gastro-intestinal tract that the reduced 
digestive and resorptive function, on which the diarrhoea is dependent, 
can be explained hereby. On their liberation from the German con- 
centration camps numerous patients with diarrhoea died from the full 
diet they were offered (compare our animal experiments). On the 
other hand even patients suffering seriously from diarrhoea with a 
loss in weight of about 50 per cent, frequently recovered quickly on 
concentrate of skimmed milk per os. On a later examination of about 
800 former patients with hunger diarrhoea we have not been able to 
indicate any protracted disturbances in the intestinal function which 
could possibly originate from the sometimes severe atrophy of the 
gastro-intestinal tract which must undoubtly once have existed. 
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As Avill l)e seen from the aforementioned there are extremely manv 
points of resemblance between the ^hunger diarrhoea« and the ex' 
periences from our experiments on animals. We therefore feel entitled 
to assume that the hunger diarrhoea is primarily the consequence of 
pronounced atrophy in the tissue of the gastro-intestinal tract, and 
that this atrophy is dependent on a calorically insufficient food and 
lack of protein. 

On the other hand it is not possible for the time being to explain 
why this specific organ suffers so heavily from hunger. Whether 
special facts assert themselves with regard to the circulation is difficult 
to determine. Some authors {Wergeland ei al. (1946) and Lamij el al. 
(1946)) feel inclined clinically to show a connection between edema 
and diarrhoea. A decreased rate of circulation, indicated in starved 
human beings by Cardozo & Eggink (1946), might possibly contribute 
somewhat towards producing the diarrhoea by gix'ing congestion in 
the intestine. It is known that in other congestive conditions (for inst. 
heart insufficiencj" and shock) diarrhoea may occur simultaneously 
xvith congestive conditions being ascertainable in the portal region by 
autopsies and severe edematic. sometimes uiceratively atrophic changes 
of the intestine may be indicated. Most frequently, however, neither 
edema nor congestion in the intestine are to he found in patients suf- 
fering from t 5 q)ical »hunger diarrhoea«. Clinically we (1949) have 
not succeeded in proving a positive connection between diarrhoea and 
edema. During the investigations on rats no edema nor congestion in 
the intestines was found. 


Summary. 

E.xperirnental studies carried out on rats show marked atrophy 
and seriously reduced digestive power of the intestinal tract following 
inanition. Clinically and on post-mortem examination many points of 
I'esemblance are found between these experiments and the ^hunger 
diarrhoea« in chronically starved patients. 
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FROM THE STATE SERI’M IXST1TUTE ('OPEXIIM-EN 
(CHIEF: ORSEOV. M. H-, 


ON THE SEROLOGY OF THE KLEBSIELLA GROUP 

liy /•'. I\(nilfiii<i]in. 

(|{l'l•|‘i\■p(l foi- |iiililif;ili(iM Itci'Pinlii'f ;’Nlli. I'.llN.' 

The scrolofjiciil relations l".si'horic'lii:i, Ai‘ri>h:H’lci iiiul Kloh' 

sielhi cultures, whici) in lieiTey's .Mnmial of Delenninalive Haelerio- 
logy eonstilule .‘t different genera, hitherto liave not iieen 

cslai)Iishe(l, so that any rclial)le differenti.-il dijignnsis Ihn.s far Inis not 
been possible. As llie relations between Aerohaeter and Klebsiella 
strains were |)articularly obscure, tlu' purpose ol the ju’csent work was 
to elucidate these (piestions. 

A (liorotinli i'(’vi('w of the coiuprelieiisivi' lilcratinv caniiol lie gi\ei) liei’e 
I'liid (he rearl(‘r is roferrcfl (o the review ^i\('ii l>.v ToeiiniesscMi. .luliaiielle. 
lifhvards, Elherl A- (ierkess. Goslings A- Snijileis. and Oslerujan A- Hedger, 
'file foundation for Hie serology of Hie Kh-hsiidla group was laid by Toi'n- 
niessen when he ('stablished that dislinetion nnist be made between the body 
or soma and the capsule and mucous envelope of the organisms in the 
FriedliindiM' group. lb' was (he first to d(*mons(ra(i' the carbohydrate nature 
of the capsule and (>mi)hasized its relationsiiip to the virulence of the bacteria, 
■lulianelle described :i different capsule types in the Friedh'inder bacterifi 
.\. H ami C. - Ix'Sides (he heterogeneous groU]) .\. all iif wbicb in the H foi-m 
contained the same' somatic antigen, a protein. Subseipienily be staled 

that, the Klehsiellii grou]) coulrl be divided into g subgroups, on Hie basis of 
their H aiiligt'ii. namely: 

1. .All true Friedliinder liacifu’ia with capsiib'S .A. F and X. 

11. Hliinosch'rtinia. ozaena. granuloma and laclis aerogenes cultni'es. 

F. H. Edwards found no fundamental difference between Friedhinder and 
lactis aerogenes cultures, and be recommended that both siiecies In- reckoned 
as lieloiiging to a common capsular group, stating: elhict. aerogeiu's is so 
closely related to the other encaiisulated forms that they should be classified 
in the same genus. No constant differences ha\'e bei'ii obsi'rved which could 
he used to seiiarate Hie organisms into two or more speciesu. lie investigated 
especially Klebsiella straims from metritis in mares and found them all he- 
longing to capsule type B (.lulianelle). 

I'.lberl A- Oerkess .studied. acapsular forms of Friedlamler. rhinoscleroma 
ozaena and lactis jierogenes cultures isolated from eiicaitsulated strains 
Hirough sjmntaneous di.s.sociation. In contrast to .lulianelh> lhe.se aulhor.s set 
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up 3 groups on the basis of the somatic antigens: I. Rhinoscleroma- II Lacii, 
aerogenes; and HI. Fricdlander + ozaena. 

Goslings & Snijdcrs ai-rivod at results deviating from those obtained bv 
Julianellc and the above-mentioned autliors. They found 4 groups: I Rhinn. 
scleioma, II. Fi’iedlander; III. Ozaena; and IV. Lactis aerogenes (a heteroee 
neons grouj)). They confirmed the findings of .Tulianelle with regard to the 
throe capsular types in the Friedliinder strains (A, B and C) and they set im 
3 different ozaena capsule types: D, E and F. In addition, they found that 
the capsule tyi)e common to all )-hinosclcroma bacteria was identical with 
type C in the Fidedlander bacteria. 

Osterman & Rettger investigated especially the relation between the 
Friedliinder and the aerogenes group and carried out also some serological 
studies on the somatic antigens though without performing absorption ex- 
periments. In conclusion of their paper they say: »lt is concluded that valid 
criteria have not been established for the differentiation of organisms of the 
Friedliinder and coli-acrogencs groups«. 

As to other publications, reference is made to a review by Parr who ad- 
vocated that all members of »coliform bactcria« (E. coli, E. freundii, A. aero- 
genes, A. cloacae and Klebsiella) should be placed in one genus. Also Bor- 
man, Stuart and Wheeler suggested that all these bacteria he included in 
one genus: »Colobactrum«. 

With regard to capsular staining and swelling I’caction the reader is 
referred to works by Etinger-Tulczynska and Klieneberger-Nobel, 

The writer is greatly obliged to Dr. Kliencbcrger-Nobel for her performance 
of special capsular and mucous stainings in numerous strains. 


Material Investigated. 

Biochemical and serological studies have been carried out with 
the following strains: 


A. Strains from Foreign Laboratories. 

I. Klebsiella pneumoniae, 

from the XaUonal Collection of Typo Cuhures, London. 

Xo. 204 L. I. P. M. Probably original Fricdlander strain. 1920. The strain 
occurs in the 0 form. 

Type A (Julianelle) No. oOoi. 

TjToe B No. 5055, 

Type C (Julianelle) No. 5056. 

No. 5057. The strain occurs in the O form. 

Strain No. 3279 Biberrattc was rough and was not further 
Strain No. 3263 Sheep Pneumonia docs not belong to the Klebsiella g 
as it is motile, does not split adonitol and liquefies gelatin. 

From the American Type Culture Collection, Washington. 

6. Type A (Julianelle) Sc. No. 4208. 

7. Type B (Julianelle) No. 7380. 

8. Tj^ie B (Julianellc) E, No. 4209. 

9. Type C No. 10273. 

10. Group X, F 12. No. 4211. . to (he 

Strain No. 4210 does not belong to the Klebsiella group, 

Escherichia group. 
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11 . 

12 . 

13. 

U. 

In. 


IG. 


17. 

IS. 

19. 

20 . 


21 . 


11. Klebsiella rUinosclcronialis. 

Prom the National Collection of Type Cultures, London. 

No. 1936. E. P. Snijelers, Amsterdam. 

Type C No. 5050. 

Type C No. 5047. 

Type C No. 5058. , 

No. 5059 non-capsulated form, isolated from No. ouio. 

From the Diagnosis Department of the Stale Scrum Institute, 

Copenhagen. 

Klebsiella rhinoscleromatis No. 1383/35— 3C. 


III. Klebsiella ozaenac. 

From the National Collection of Type Culture.s, London: 

Type D No, 5050. 

Type E No. 5051. 

Type F No. 5052. 

No. 5053 non-capsulated form, i.solatcd from E :i051. 

The strain No. 459 N. S. Ferry 110895 docs not belong to the Klebsiella 
group, but to the Proteus morganii group. 


From the Diagnosis Department of tlie State Serum Institute. 

Copenhagen. 


Klebsiella ozaenac. 


IV. Dacleriuvi laclis aeroycnes. 

From tlie National Collection of Type Cultures, London. 

22. No. 253. 

23. No. 518. 

25. No. 5150. 

25. An original B. lactis acrogcncs strain of Escheiich, from the Diagnosis 
Depai’tment of (lie State Serum Institute, Copenhagen; no t.ypicnl aero- 
genes strain as it forms indole and liquefies gelatin. 


B. Own Material, isolated in Copenhagen. 

I. 5 Klebsiella strains isolated from sputum: 

Nos. 380, 915, 91 G, 1058 and 5031. 

No.s. .380, 91G and 5G31 ^ycre isolated 10 yoar.s ago, while Nos. 915 and 
1058 are freshly isolated strains. 

II. 100 Klebsiella strains frc.shly isolated from urine from 99 cases, as in one 
case 2 different strains were isolated. 

Thus a total of 130 strains of the Klclisiclla group were examined 
and compared with lest strains of the Kschcrichia grou]). 


Biochemical Studies. 

These examinations were carried out with culture media em- 
ployed for differentiation of the Escherichia group. The capacity to 
decom])osite urea was tested on urea agar of Christensen and in the 
liquid medium of Ferguson & Hook. The reactions typical of Esche- 
richia strains are reported in two preceding papers by Kauffmann (li) 



384 


•and Kauffmann & Perch. From the comprehensive literature on the 
hiochenucal aspects of Escherichia and Klebsiella strains, U is evidln 
that there is no reaction specific of either group, and that between the 
typical representatives of each group we meet with cultures -formine 
a link hctween the two. In order to demonstrate the differences he^ 
tween the two groups the reactions of 10 typical cultures of Escheri- 
chia and Klebsiella are listed in Table 1. 


Table i. 


Biochemical Behaviour of typical Escherichia- and KlcbsicUa-Struiiu. 



1 

Escherichia 

2 1 3 1 J 

0 

1 

Kleksiella . 

2 1 3 i 4 
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Key: Esclierichia 1 = U 5/41, 2 — U 9/41, 3 — U 14/41. 4 hi 7509/0. 

5 = Bi 316/42. __ _ ni ' o- 

Klebsiella 1 = Friedliinder 91G, 2 = Friedliindor B 505o, 3 - 1 wn 
scleroma C 5046, 4 = No. 919, 5 = No. 119. 

Adonitol to Glucose: — = negative after 30 days, + — positne 
1 day, X = late and irregular. 

Gelatin: — = negative after 60 days. 

Simmons’- agar, Voges-Proskauer, Metb.vl-red, Urea: ntc'”' 

1 davs. 
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Considering first llie upper pari of Tal)lc 1, it is a striking tcalure 
that in contrast to Escherichia sti’ains llic Klelisiclla strains promptly 
s])Ht nearly all the substances added to the media. It is possible only 
to differentiate the Klebsiella strains in dulcitol-positivc and dulcilol- 
ncgalive cultures. While 33 strains of capsule type 10 ferment dulcilol, 
20 strains of type 8 and 40 strains of type 9 did not break down dnl- 
cilol. It must he emphasized in particular that adonitol and inositol 
arc fermented by all the Klebsiella strains. In contrast hereto, adonilol 
is attacked only by about 10 % of the Escherichia strains, and inositol 
e\’en less frequently. None of the Klebsiella strains form indole. While 
a majority of the Klebsiella strains grow on Simmons’ citrate agar, 
a majority of the Escherichia strains give a negative reaction on this 
medium. The Voges-Proskaucr reaction i.s nearly always negative for 
Escherichia strains, nearly always i)osilive for Klebsiella strains. Con~ 
vcrscly, the mcthyl-red reaction is usually positive for Escherichia 
strains, in contrast to Klebsiella strains. Hitherto no Escherichia strain 
has been found to give a ]msilivc urea reaction, whereas most Kleb- 
siella strains proved cai)ahle of .splitting urea. Furthermore as most 
Escherichia strains are motile, while all Klebsiella strains arc non- 
motilc, we have a number of characters by which the 2 groups may be 
differentiated. 

Finally, it must he mentioned that a great majority of all recently 
isolated Klebsiella strains produce abundant slime and ])osscss thormo- 
stahilo capsules. In contrast hereto, only a minority of Escherichia 
strains have slimj’ growth and possess thcrmostahilc ca))sules (= A 
antigen). On recording the more important differences between typical 
Escherichia and Klebsiella cultures we have the following schema: 


Tiipical behaviour o( Siraios of Ihr 

Eschrrirhia ijroiip KIchsivIlti ijioup 
.Adonitol — 

Inositol — .j. 

Indole „ 

Simmons' citrate agar — a, 

Vogos-Prosknner — g. 

Mc(hyl-red 4 - 

Urea agar — _f. 

Motility a- 


So if we are dealing with non-molilc. slime jtroducing. Gram-nega- 
tive rods which s])lit adonilol and inositol hut form no indole, they 
are most likely to be memher.s of the Klebsiella group. Slimv Escheri- 
chia strains as a rule form indole and m-e not able to split adonitol 
and inositol. 

In the following a comparison will he made between the cultural 
aspects of 100 Klebsiella strains freshly isolated from urine and 100 
Escherichia cultures, the cultural as]iccls of which have been rciiorted 
already m the jiaper of Kauffmann & Perch just mentioned. 
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Cultural Behaviour of 
too Escherichia strains 


Adonitol: 

Dulcito]; 

SorMtol: 
Arabinose: 

Xylose: 

Rliamnose: 
Maltose; 

Salicin; 

Inositol: 

Lactose: 

Sucrose; 

Mannitol: 

Glucose; 

Gas production: 
Indole: 

II.S: 

Gelatin; 

Simmons’ Glucose: 
Simmons’ Citrate; 
KXO,; 

Voges-Proskauer; 

Moiliyl-red; 

Urea agar: 


11 +i 1 — h, 88 — 

■iO +, 28 — +, 32 — 
9G +, 3 ~+, 1 - 
100 + 

04 +, 5 1 _ 

85 +, 11 — 4 — 
100 + 

12 +, 67 — +, 21 — 
1 +, 2 — 97 — 
100 + 

22+, 15 — 63 - 
100 + 

100 + 

09 +, 1 — 

92 +. 8 — 

4 +, 96 — 

100 — 

100 + 

3 +, 97 — 

too + 

100 ~ 

100 + 

100 — 


100 Klebsiella strains 
100 4 - 
33 +, 67 - 
100 + 

100 4 - 
100 + 

93 -f, 7 
100 + 
too + 

98 +, 2 -+ 

99 +, 1 -+ 

99 +, 1 -+ 

100 + 

100 + 

100 + 

100 - 
100 ~ 

100 ~ 

99 +, 1 - 

98 +, 2 - 

100 + 
91+,9- 
7 +, 93 - , 

99 +, 1 - 


Key: For simplification we liave designated in the above scheme a positive 
reaction after 2-4 hours with +, a delajmd positive reaction with — +, 
and a negative reaction with — . Thus 11 +, 1 — 1-, 88 — mean that 11 
strains were promptly positive, 1 strain fermented the medium late, 
and 88 strains gave a negative reaction. Failing gas formation, which 
was tested only in glucose and mannitol, vvas decided after 4 days 
observation, as also the absence of growth on Simmons’ glucose and 
citrate agar. Failure to form indole was observed in 2 tubes tested 
after 1 and 2 days. Tbe KNO3, Voges-Proskauer, methyl-red and urea 
reactions were read after 4 days. 


The 100 Klebsiella strains mentioned in the survey above were 
freshly isolated from urine and found to belong chiefly to capsule 
types S, 9 and 10. All tlie 33 cultures splitting dulcitol belonged to 
type 10. The late fermentations of rhamnose, inositol, lactose, and 
■ sucrose involved merely a slight delay of 2 — 4 days. 

On summing up the results, then, it may be said that Klebsie a 
strains freshly isolated from urine are able to split the following 
substances: adonitol, sorbitol, arabinose, xylose, rhamnose, maltose, 
salicin, inositol, lactose, sucrose, mannitol and glucose. The capaci y 
for gas production, which was tested only in mannitol and glucose, 

was present in all cultures. rtf 

No indole or H,S was found, and gelatin was not liquefied. Mos 0^ 
the strains grew on Simmons’ agar with glucose and citrate an P ^ 
a positive KNO^ and Voges-Proskauer reaction. As a rule, the me . 
red reaction was negative, while urea usually was split. 
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So here we are dealing with characteristic hiochemical iH'operties, 
distinctly deviating from those encountered in the Escherichia group. 

While most of the cultures examined by the author belong to the 
Escheriehia group or to the Klebsiella group, various strains occupy an 
intermediary position. The latter category includes, for instance, an 
original »B'.lactis acrogenes« from Eschcrich which Vahlnc has de- 
scribed as belonging to the Escherichia O group 9. It was demonstrated 
that this strain formed indole and slowly liquefied gelatin and thus 
was no typical »aerogcnes« strain. The same applies to some othei 
strains which here will he mentioned but briefly. 

Just as the Salmonella group also includes indole-forming and 
gelatin-liquefying strains, cultures with these properties occur also 
in the Klebsiella group. Some cultures, including sti'ains from the 
National Collection of Type Cultures in London designated as B. cloa- 
cae, form no indole but liquefy gelatin. 

So far we have been dealing with differentiation of the Klebsiella 
group from the Escherichia grouj), now we will turn to the cultural 
differentiation within the Klebsiella group. Eor this purjmse the fol- 
lowing substances or reactions arc especially useful: dulcitol, urea, 
organic acids, particularly d-tartrate, sodium-citrate, mucatc, and the 
Voges-Proskauer reaction. Some characteristic hiochemical tyi)es are 
presented in Table 2. 

From Table 2 it is evident that dulcitol is split by 2 types, 1 :3 and 
1:10, whereas the other types arc unable to break down this alcohol. 
The more frequent occurring capsular types 8, 9 and 10 also may he 
differentiated culturally by means of dulcitol and sodium-citrate 
(tested in fluid bacto-peptone medium). 

Dulcitol Sodium-citrate 

Type S — -f 

» 9 — _ 

» 10 + _ 

As reported in the literature, the rhinoscleroma bacteria occupy a 
special position. They are unable to decompose urea and organic acids; 
and they fail to grow on Simmons’ glucose and sodium-citrate agar. 

On summing uj) the above it may be said that by means of bio- 
chemical methods we are able to decide whether a strain belongs to 
the Escherichia group or to the Klebsiella group. Furthermore, it is 
possible by means of certain substances to set up various hiochcmic.al 
types within the Klebsiella group. 

With a view to the frequent occurrence of hemolytic and hem- 
agglutinative strains in the Escherichia group, ,78 Klebsiella strains 
belonging to various types were examined for these characters. The 
tests for hemolysis were carried out with employment of washed horse 
erythrocytes m 1 % peptone solution, the tests for hemagglutination 
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cilol 

Urea 

Organic n( 

.1 j Ci. 1 

lids ■ 
Mu. j 

V. P. 

Num- 
ber of 

A J208 . . . 

i 1:1 

- 

+ 

4-2 




3 

A 9 Hi 

; ^ 1 



J- 

1 



+ 

1 

B .50.5.5 

1 ; 2 


+ 


-j_3 

4-3 

4- 

I 

B 243 . . . 

1 : 2 

— 



4-1 


+ 

2 

C ,50.5(5 . . . 

1 ; 3 




+> 

+1 

- 

.5 

B 7380 . . . 

' 2:2 


+ 

, 

— 



0 

B 4031 

0 ; 2 

— 

+ 




+ 

I 

Rbin. C .5040 . . . 

2 : 3 

— 

— 





(i 

Oz. D .5050 

2 : 4 

— 

4- 

4.2 

» 




1 

Oz. E .5051 

2 : ■? 

— 

— 


+- 



1 

Oz. F .50.52 

2 : f) 

— 




+‘ 


1 

Aer. 4140 

. 

1:7 


+ 

+1 



+ 

1 

No. 101:5 ... 

1 : .S 

— 

-r 


41 

i 

4-1 

+ 

19 

! .50 ... 

. : 9 

— 

+ 

— 



+ 

27 

• 919 . . . 

1 : 10 

+ 

+ 




+ 

21) 

> .390 . . . 

3 : 11 

— 

+ 

— 

— 


+ 

2 

> 313 

1 : 12 

— 

+ 



+1 

+ 

1 

» 1470 

. : 13 

— 


i 1 

— 


+ 

1 

* 1193 

. : 14 

— 

+ 

— 

— 

+1 

+ 


Total j 

■ 


Key: Organic acids in Jjactoi)e])tone solution; cl = cl-tai'trate, Ci. = soclium- 
cifi’atc, Mu. = wucatc. V. P. = Yoges-Proskauer. Rliin. = Rliino- 
sclevoma, Oz. = Ozaena, Aer. — Aerogenes, No. = Number. 


with guinea-pig erythrocytes (10 %). None of the Klebsiella strains 
examined were hemolytic, while 2 strains, an old laboratory strain 
204 from the Lister Institute and a freshly isolated type 10 strain 
from urine, produced hemagglutination. Thus Klebsiella strains arc 
non-hcmolj'tic and as a rule non-hemagglutinativc, behaving in ticse 
respects as Escherichia strains of O groups 8 and 9. 


Serological Studies. 

Before turning to the determination of the individual antigens, it 
will be ap])roi)riate to make some general remarks concerning le 
serology of the Klebsiella group. In contrast to the view mam ainci^ 
by Julianelle, the serological features of this group are depen en 
only upon two factors — the capsules and the somatic R antigens 
but also on the O antigen. More correctly, it is even a matter o 
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factors, namely: the mucoid envelope, the capsule, the O antigen, an 
the R antigen. Probably, however, the mucoid envelope is serologically 
identical with the capsule, even though this has not hitherto been 
proved experimentally. At any rate wc have to distinguish between, 
the following three factors: 

1. Capsular antigen = K antifjen, 

2. Somatic smooth antigen = O antigen, and 

3. Somatic rough antigen = R antigen. 

For the serological determination of the types the two first an- 
tigens are decisive. While the mucoid envelope, capsule, and O antigen 
are carbohydrate compounds, the R antigen, according to Julianelle. 
is protein in character. As these antigens may appear in various coni- 
hinations, the prevailing nomenclature (M= mucoid form. S = smooth 
form, and R = rough form) is not sufficient for the designation of all 
the forms encountered. 

Besides, some authors have employed these symbols in different 
senses, and therefore it seems preferable to designate the forms after - 
their antigens in the following way: 

I. Smooth Forms: 

1. MKO form = mucoid, capsular, with O antigen. 

2. KO form = non-mucoid, capsular, with O antigen. 

3. MO form = mucoid, acapsular, with O antigen. 

4. O form = non-mucoid, acapsular, ivith O antigen. 

II. Rough Forms: 

1. MKR form = mucoid, capsular, lyithout O antigen. 

2. KR form = non-mucoid, capsular, without O antigen. 

3. MR form = mucoid, acapsular, without O antigen. 

4. R form = non-mucoid, acapsular, without O antigen. 

In the presence of full development of the O antigens the R antigen 
occurring in all smooth forms will not make itself manifest in agglu- 
tination tests, and in immunizing experiments it will have only a 
weak antigenic effect. So, for the sake of simplification it will he con- 
venient to leave the symbol R out in the designations of the smooth 
forms Ij — I,, but its presence in all these forms has to he realized 
and kept in mind. 

Although Klebsiella cultures with fully developed K antigen are O ■ 
and R inagglutinable in tube agglutination tests (20 hours at 50° C.) 
not only capsular agglutination but also O or R agglutination may 
occur. For the production of pure capsular agglutination, therefore, 
It is necessary to absorb the sera with O and R forms. 

These difficulties may be avoided by employment of the capsular- 
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.s\ elhng leaction as this permits one easily to distinguisJi between 
capsulai swelling with agglutination and agglutination without cap- 
sular swelling. Therefore, for the demonstration of capsular type the 
capsular swelling test is to be recommended. 


Determination of 0 Antigens. 

Determination of O antigens can be carried out with sera produced 
with capsular cultures, if acapsular bacteria are used for the agglu- 
tination. If we wish to use pure O sera, however, these immune sera 
must be produced with acapsular bacteria. The tube agglutination test 
may be carried out with a formalin-treated broth culture or with a 
boiled broth culture of acapsular strains. Determination of 0 antigens 
also may be carried out with suspensions of living acapsular forms 
from agar cultures by the slide agglutination method. 

For a more thorough investigation of the O antigens sera were 
produced with capsular as well as acapsular cultures using both for- 
malin-killed broth cultures and boiled broth cultures ( 2^/2 hours at 
100°). Thus for a number of strains 4 different sera were available, 
•each of which was tested both with formalin-killed and boiled acap- 
sular cultures. Two rabbits were used to produce each serum. Their 
sera were mixed in order to exclude accidental phenomena. Altogether 
133 rabbit immune sera were used to carry through the present sero- 
logical investigation (determination of O and capsular antigens). For 
this reason alone it would be impossible to give a complete account of 
all the results. 

In order to obtain acajisular cultures, continuous passages were 
carried on in 50 % bile broth, transfers being made once or twice 
every week. Not in every instance, however, could acapsular forms be 
obtained. 

On the basis of the O antigens, the Klebsiella cultures cxammeil 
could be divided into three O groups (1, 2 and 3). O group 1 is charac- 
terized by its close serological relationship to the Escherichia 0 group 
19. In the previous work of Kauffmann Ic) it was established, that 
O group 19 is made up of 2 different subgroups, as the test strain foi 
this group (8188/41) possesses O antigen not present in slram 
8858/41. This was expressed by giving strain 8188 the formula 
strain 8858 formula 19. For the sake of clarity we will now give the 
antigenic formula for strain 8188 as 19a, 19b and the formula oi 

8858 as 19a. , 

All Klebsiella strains of O group 1 in acapsulated state are agglu- 
tinated strongly by Escherichia serum 19a, 19b. Conversely, a 
produced with Klebsiella strains of O group 1 agglutinate Eschenc ua 
strain 8188 in a markedly granular form, whereas strain 8858 is no 
agglutinated by these sera. The outcome of some agglutination e.vper - 
inents within Klebsiella O group 1 is recorded in Table 3. 
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Table 3. 

Results o[ Tube Agglulinalwn. 




Sera 


0 

Klebsiella 

Escherichia 

Klebsiella 


group 

204 

5056 

418 

8188 : 

8858 

4209 

5053 

K 204 

1 

5120 

2560 

2560 

1280 

0 

40 

20 

K 5056 

1 

5120 

2560 

2560 

640 

0 

40 

20 

K 418 

1 

5120 

2560 

5120 

640 

0 

40 

20 

E 8188 

19 

5120 

2560 

5120 

5120 

2560 

40 

20 

E S85S 

19 

0 

0 

0 

2560 

5120 

0 

0 

K 4209 

2 A 

40 

40 

SO 

0 

0 

2560 

640 

K 5053 

2B 

0 

0 

0 

• 0 

0 

640 

5120 


Key: S<rain K = Klebsiella, E = Escherichia (= Coli). 

The Klebsiella sera were prepared by formal ini zed broth culture of 
0 forms, the Escliericliia sera by boiled broth culture. The cultures used 
for agglutination tests were the same as those employed for immu- 
nization. The agglutination was read after 20 hours in waterbath at 
50° C. The numbers state the titro. 0 means negative in dilution: 1:20. ' 

Through cross-absorption experiments it could be demonstrated 
that the Klebsiella O 1 antigen is identical with the Escherichia 191) 
antigen. Escherichia strain 8188 was able complelelj' to exhaust O 
sera of the Klebsiella O group 1. Conversel 5 % Klebsiella strains of this 
group were able completels' to absorb Escheriebia 19a. 19b serum only 
when the 1 9a agglutinin had l)een removed beforehand by absorption 
with strain 8858. 


Table 'i. 

Results of Absorption. 


Strain 

E 8188 

K 204 

, not 

^ absorbed j 

E 8S58 j 

ibsorlicd by 

K 201 1 

8S.')8 
-f- 201 

Ilol 

absorbed 

1 

absortted 
by E 8188 

E 8188 

5120 1 

1280 

5120 1 

0 

5120 

0 

E 8858 

2560 

0 

2560 

0 1 

0 

0 

K 204 

1280 

1280 

0 

0 

5120 

0 


Key: E = Escherichia 
K = Klebsiella 
0 = negative in dilution 1:40 


From Table 4 it is evident that the 19b titer for Escherichia 8188 
serum is 1: 1280, while the 19a titer is between 1. 2560 and 1; 5120. In 
absorption experiments the Escherichia strain 8858 removes only the 
19a agglutinin, while Klebsiella strain 204 removes only the 19b ag- 
glutinin. Serum produced with Escherichia strain 8188 may he ex- 
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hausted comjdetely by combined absorption with Escherichia 8858 + 
• Klebsiella 204. 

Determination of Klebsiella group 1 may therefore he carried out 
easily by means of an Escherichia 19a, 19b serum — that is, if acap- 
sular strains possessing the O antigen are at disposal. If only mucoid 
capsular strains (MKO form) are available, it is necessary first to 
produce immune sera in order to ascertain whether these sera ag- 
glutinate the Escherichia strain 8188. In this case it makes no diffe- 
rence whether a formalin-killed or a boiled broth culture is used for 
immunization, as O antibodies will be found in either case. All sera 
agglutinating Escherichia strain 8188 belong to 0 group 1, whereas 
all sera incapable of agglutinating this strain belong to other groups, 
unless they are R sera. 

Betw'een O group 1 and O group 2 there is only very slight, if any, 
0-antigenic relationship. The weakest overlapping reactions are ob- 
tained on employment of sera produced with boiled broth culture of 
the MKO form and by carrying out the agglutination test with boiled 
O forms (see Table 5). 


Table 5. 

liesuUs of Tube Agglutination in 0 Groups 1, 2A and W. 


Strain 

Sera 

o 

Rroup 

Group 1 
4208 

Klebsiella 
Group 2A 
4209 

(iroup 2B 
5050 

Hsi herichiii 
Group 19 
8188 

K 204 


5120 

40 

20 

1280 

K 380 

1 

2560 

20 

0 

1280 

K 41 


2560 

20 

0 

640 

K 4631 


20 

1280 

0 

40 

K 7380 

2 A 

40 

2560 

20 

0 

K 4209 


40 

5120 

40 

0 

K 5050 


0 

80 

2560 

0 

Iv 5052 

2B 

0 

160 

5120 

0 

K 5053 


0 

160 

2560 

0 

E 8188 

19 

5120 

20 

0 

5120 


Key: The Klebsiella sera employed were prepared by noueu jj u.x 

of MKO forms, and the Klebsiella cultures were boiled at 

0 forms. The agglutination w'as read after 20 hours in ^ 

50° C. 0 = negative in dilution 1:20. 

While the conditions within O group 1 are very clear 
disputable, the O antigenic analysis of O group 2 has been gi^ 
siderable difficulty and as yet the results are no „ g r^j^g 

group . falls in 2 different subgroups, designated as ^ ^ 
difference between these 2 subgroups is not always i 
glutination experiments, as some sera give strong cross re 
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Bv einplovins oilier sera, however, we {<cl higlily groiip-s^Iiecific 
reactions suggestive of 2 clifferenl O groups. The 
complicated hy the fact that each of the two subgroups (2 A .uul - ) 

is not uniform hut consists at least of two different subdivisions, the 
antigenic relations of which might he expressed as follows: 


Grou]) 2 \ = 2 a, 2 h 
1 . 2 a 

Group 2 B == 2 a. 2 c 

^ = (2 a). 2 c. 2 d 


Sera of grouj) 2 A with O agglutinin 2 a arc absorbed coinplelcly 
by strains of O group 2 B with the formula 2 a. 2 c. hut not hy a strain 
with the formula (2 a). 2c. 2d as this lacks a part of antigen 2 a. 

.Agglulinalivcly and anligcnically antigen 2 a is dominant in group 
2 .A. whereas antigen 2 c is dominant in group 2 B. 

In Table G several sera of group 2 arc entered in order to show 
how differently they react. 


Table 6. 

ItcsiiUs oj Tube will) Sera of 0 Grini/i 2. 


• ■ " " 





Sera 



strain 

0 

Group 


Oroup 2 A 



Croup 2 It 



l-t). 7S.S(( 1 

I'o.Wll'l ) 

7:m» 

I-'o. TAVt 


I-’o. .w,2 

•1031 

2 A 

(IlOO 

3200 i 






0400 

0400 



HBH 


il0.10 

2 B 

IGOO 

800 1 

! 40 

12.800 

j 12800 ! 

1 0100 

0053 

1000 

1 1000 

j 40 

2.5000 

1 12800 

0400 

204 

1 

80 



40 

1 40 

0 


Key: The ser.a labelled Fo, were jirepared by formalini/ed bi’otli culture o{ 
0 forms, the sera only indicated by numbers with boiled broth ciiltni’e 
of MKO forms. The, cultures used for ngplutinalion tests were boiled 
broth culture of 0 forms. 

By the use of the groui)-s])ecific sera it is jiraclicable even hy means 
of slide agglutination to make the group diagnosis. So if we wish to 
obtain a very strong O agglutination with all strains of O group 2. 
we have to use two different sera (2 a and 2 a. 2 c) or a mixed scrum 
in which all the cultures in this group are agglutinated strongly. 

In 2 strains (300 and G74), belonging to capsular tv])e 11. it was 
possible to demonstrate the O antigen of Eschcridiia O group I), which 
in the Klebsiella group was designated as O 3. The. identitv’of the 
two O antigens was demonstrated by cross-absorption. 

In the Klebsiella grou]) the O antigens cannot lie demonstrated in 


2C>* 
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all the cases as many strains appear- in the R form. This fact is ascer- 
tained not only on examination with acapsular strains but also on 
analysis of sera produced with capsular cultures. Thus, out of 90 K 
sera only 52 contained O antibodies ~ as is evident from Table 7 
Of 14 K sera of type 8, 11 sera belonged to O group 1, and 1 serum to 
O group 2, while 2 sera contained no O agglutinins. R forms were 
particularly frequent in capsular type 9, as all 24 sera contained no 
O antibodies. So far, the writer’s results indicate that different R anti- 
gens occur in the Klebsiella group. But here we wall not enter further 
into this point as no systematic investigation concerning this question 
has been done. 


Table 7. 


Frequency of 0 and R Forms. 


Capsule 

1 Number 


Number of 0 groups 


Number of 

type 

j of K sera | 

I 

i 2 1 

3 ' 

I R forms 

1 

4 

4 

0 

0 

0 

2 

7 

3 

4 

0 

0 

3 

8 

3 

5 

0 

0 

4 

1 

0 

1 

0 

0 

5 

1 

0 

1 

0 

0 

0 

2 

0 

9 

0 

0 

7 

1 

1 

0 

0 

0 

8 

14 

11 

1 

0 

2 

9 

24 

0 

0 

0 

24 

10 

23 

13 

0 

0 

10 

11 

2 

0 

0 

2 

0 

12 

1 

1 

0 

0 

0 

13 

1 

0 

0 

0 

1 

14 

1 

0 

0 

0 

1 

Total 

90 

36 

14 

2 

38 


From the twm above-mentioned strains of type 8 without 0 antigen 
acapsular cultures were isolated and used for the production ° 
mune sera. These sera too w'ere found to contain no O agglutinin, us 
it is evident that the capsular antigens do not prevent the forma ion 
of O antibodies. . . 

The capsular form of a strain (aerogenes 4140) gave 0 
whereas the acapsular form did not produce O agglutinins. . 

cultivation of acapsular forms also the O antigen may be os o 

with the capsule. ^ nntiaen 

In a majority of the cases in which R forms ^ y^rence 

is supposed to have been lost in the human organism. fr^shlv 

of R forms is considerably more frequent in 
isolated from urine than in Escherichia strains. It mus ® 
however, that all the Klebsiella pneumoniae strains ot Juna 
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tained O antigens, so that Juliancllc really had O antigens at Ins 
disposal without demonstrating their presence. . , 

Immune sera were ])roduccd with 10 KlclisicUa strains, using both 
the capsular and the acapsular forms. All 20 sera contained O ag- 
glutinins. thus demonstrating that as a rule the O antigen is not lost 
on isolation of acapsular forms. Thc.se strains included both original 
cultures from Juliancllc and freshly isolated cultures. 

As it might he of interest to know the O group rclalionshiji of the 
original Klebsiella strains obtained from other collections, it will he 
appropriate to tabulate them as follows: 

O group 1 : 

Fricdlandcr A 4208, 204, A ;)0.54, a0;)7, H 505;), C ;)0;)0, C 1027,1, 
and X 4211. 

Acrogenes 418, 243 and 4140. 

O group 2 A : 

Friedliinder B 4209, B 7380 and 4631. 

Rhinoscleroma C 5046, C 5047, C 5018. 5019, 1936 and 1383. 
Strain B 4209 and all rhinoscleroma cultures contain antigen 
2 a, while strains B 7380 and 4631 contain antigens 2 a, 2 h. 

O grouj) 2 B ; 

Ozacna D 5050, E 5051, 5053, F 5052 and ozacna Diagnosis De- 
partment. Strain D 5050 has the formula (2 a), 2 c. 2d. while 
the formula of the other ozacna strains is 2 a, 2 c. 

From this tabulation it is evident that all the older Klehsiella 
strains cont.ain O antigens, and thus the R forms \Ycrc found only in 
strains recently isolated from urine. An cxcejition to this rule is found 
in strain 3279 from the Lister Institute that was comjilctcly rough, 
and no particular serologic.al examination of it was made. In this con- 
nection one should refer to recent work Jiy O. Mollcr who demonstrated 
the presence of two different R antigens within Escherichia O group 
8 and 9. As briefly mentioned above, there is evidence to the effect 
that serologically different R antigens occur also in the Klebsiella 
group. 

Here is a gap in onr knowledge of the serology not only of the 
Klebsiella group but also of all other groups within the Entcrobactcri.a- 
ceae. It is obvious that a comjiletc antigenic schema for these groujis 
should comprise not only the O, K and H antigens, but also the R 
antigens. Determination of the R antigens is not of practical signific- 
ance in type determination, and our diagnostic antigenic schemes 
hitherto set up are not in need of correction. 
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Determination of Capsular Antigens. 

»CapsuIar sera« were produced by injection of 6-hour broth cul- 
tures killed by addition of 0.5 % formalin; The agglutination was car 
ried out by the slide method with living agar culture as well as bv 
the tube method with formalin-killed broth culture. In the slide test 
the' sera w'ere undiluted, or diluted in order to avoid overlapping re- 
actions. In tube tests serial dilutions beginning at 1; 2 w'ere employed. 
The agglutination wms read after the tubes had been left in water bath 
at 50° for 20 hours. A typical capsular agglutination is disk-shaped 
and easy to differentiate from the granular O or R agglutination. The 
capsular titers wmre between 1: 16 and 1: 128. 

As in the capsules of the Klebsiella group we are dealing with 
thermostabile antigens, capsular antibodies may occur also in sera 
produced with hoiled broth cultures ( 21/2 hours at 100°). The capsular 
titers obtained in this w'ay are very low% howmver, if they are present 
at all. On the other hand, broth cultures heated to 100° for 2)4 hours 
gave a good capsular agglutination w'hen tested w’ith capsular sera 
produced w’ith formalin-killed hroth cultures. 

O or R agglutination w'ill occur in undiluted or diluted capsular 
sera in many cases, since not alt the bacteria in a mass culture pos- 
sess w'ell-developed capsules and therefore are not 0 or R inagglutin- 
ahlc. Even though it is possible with some training to distinguish a 
capsular agglutination from an O or R agglutination, the capsular 
swelling reaction is preferable as the test of choice. The test is carried 
out with undiluted or diluted serum and a 5 — 6 hours broth culture, 
living or killed with 0.5 % formalin. In this way it is possible to de- 
monstrate microscopically the occurrence of capsular sw^elling and 
thus to determine the type. In order to obtain type-specific reactions, 
in certain cases it is necessary to absorb the capsular sera with an- 
other strain with capsular relation to the serum concerned. As such 
overlapping reactions as a rule have a very low' titer, it will suffice to 
dilute the serum instead of absorbing it. 

If the agglutination is to be employed for tyT^ determination, 1 
is recommended that it be done w'ith pure capsular sera, i. e. sera 
absorbed with acapsular forms possessing the corresponding or 
antigens. It should he pointed out that the capsular titer is not a wajs 
the same, since it is influenced by a more or less intense de%e opnien 
of the capsule or mucoid substance. The more intense the 
ment of the capsule or mucus, i. e., the more jironounced the an ' ° 
binding, the lower is the titer. For practical use the various sera a 
to be adjusted by dilution or absorption in such a w'ay 
a strong capsular swelling only w'ith the homologous type. 
dition is met, only one microscopic examination is required wi 
loopful of serum and one loopful of broth culture. eeihle 

In keeping w'ith the reports in the literature, it ® D^and F. 
w'ithout difficulty to demonstrate capsular antigens , . • 
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But thus far it has not been possible to demonstrate the E capsule m 
the ozaena bacteria. The only E strain at our disposal — strain E 5051 
— formed mucus, it is true, but no capsule (confirmed by E. Eliene- 
berger-Nobel through capsular staining), and thus this culture ap- 
peared in the above-mentioned MO form. Immunisation with a for- 
malinized broth culture of this strain gave a serum which, besides O 
agglutinins, contained also M agglutinins (mucus-antibodies). Even 
though we thus were unable to confirm the occurrence of a special E 
capsule, the symbol E or number five was reserved for this K antigen, 
as the possibility that strains of this type, possessing a capsule may 
be found in other collections, must be considered. 

Besides the previously described K antigens (A, B, C, D, and F), 

8 new capsular antigens (7, 8, 9, 10, 11, 12, 13, and 14) were de- 
monstrated in the present investigation. Of these antigens, 7 represents 
the capsule of the lactis aerogenes strain 4140, while 8 — 14 belong to 
various strains freshly isolated from urine. Since examination of a 
larger material may disclose the existence of additional new capsular 
antigens, it is suggested that they not be designated by means of 
capital letters but with arable numerals as has been done in the 
Escherichia group. Therefore, the following capsular nomenclature is 
recommended ; 

Capsules already known; 

A = 1, B = 2, C = 3, D = 4, F = 6. (As to E = 5, see above). 

New capsules: 

7, 8, 9, 10, 11, 12, 13, 14, etc. 

Table 8 gives the outcome of tube agglutination exijeriments with 
capsular sera and formalin-killed broth cultures. Coincident 0 or R 
agglutinations are omitted. 

As is evident from Table 8, among the various capsular t 3 'pes we‘ 
meet with antigenic relations due to common K partial antigens. These 
overlapping agglutinations as a rule have onlj^ a low titer and usually 
thej' are not noticeable when the capsular swelling I'eaction is used. 
Also such overlapping reactions are absent in the sera that have onlj' 
a low capsular titer. Thus, regular demonstration of these reactions 
is not to be expected. As is knowm (Averj% Heidelberger & Goebel) there 
is antigenic relationship between Klebsiella capsular type 2 ( = B) and 
pneumococcus type 2 that is due to the existence of a partial antigen. 
In addition, antigenic relationship has now been established between 
Klebsiella types 8 and 9 and jmeumococcus type 2 (see Table 8). 

Consideiing the thermostability of the Klebsiella capsules, it seemed 
desirable to determine whether the same capsular antigens occurred 
also among the A antigens of the Escherichia group. Indeed, this proved 
to be the case, as Klebsiella capsule 10 is almost identical with Escheri- 
chia capsule 39. Furtlier there is antigenic relationship between Kleb- 
siella capsule 7 and Escherichia capsule 55, between Klebsiella capsule 
8 and Escherichia capsule 34, and between Klebsiella capsule 11 and 
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Table S. 

Tlesults of Tube Agglutination. 
(Capsule Determination), 



lj 64 0 0 0 0 4 4 0 0 0 0 OOOjO' 

T 128 000 00840008 2| 4 

rt rt'rv ninlA 


3 0 0 128 OojoOOOOOOOOOC 

4 0 0 0 32 0|OOOOOOOOOOD 

5*) 0 0 0 02 OOOOOOOOOOE 

6 solo 00 “ so 0 0 0 _0 

! „ r, n o n 


2 ® ^ ® ^ 0 0. 

8 04000 00 0 0 0 0 0 0 . 

9 0 2 0 0 0 0 0 8 |l28l 0 0 0 0 0 0. 

10 0 0 0 0 0 0 4 0j0^_^0 0 OjOl- 

11 00 000 0000 o|64 ^ ® ’ 

12 0 0 0 0 0 0 0 . 0 : 0 0 0 |_^ ^ ' 

13 0 0 0 0 0 0 0 0 0 0 0(^50 0 . 

14 0 0 0 0 0 0 0 o| 0 0 0 0 0 64 0 

^-Tr-T -T-rT'k'T-T-r 

Key: *) - this sirain Ozaena E 5051 has no capsule, but only sbme. 

Pn, 2 = Pneumococcus iyv^ 

0 = negative in dilution 1:2. ^ 

Escherichia capsule 37, i. Klebsiella 

identity. . capsular-swelling rc- 

For the practical determination o yp reaction with 6 fre- 

action is the test of choice. The 
quently occurring types are recorded m Tabl . 


Capsule 

Tj^pe 


Table 9. 

Capsalaf Swelling. 

“ ~ K^S era 

\ 3 ! ^ 
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Table 9 shows that the type diagnosis can be made rapidly and 
definitely by means of the capsular-swelling reaction, so that this 
method is preferable. 

Table 10 shows how often the individual capsular types were tound 
among the Klebsiella strains isolated from urine. It will be noticed that 

3 types 8, 9 and 10 — ■ comprise more than 90 % of all the strains; 

The strains entered in Table 10 were isolated from 99 patients with 
urinary infections, 2 types (8 + 9) being found simultaneously in one- 
case. 


Table 10. 


Frequency of Capsule Types of Urinary Strains. 


Capsule 

Type 

Number of strains 

2 

1 

8 

20 ) 

9 

40 1 93 

10 

33 J 

11 

2 

12 

1 

13 

2 

U 

1 

Total 

100 


The type distribution in the total material is presented schematical- 
ly in the following survey: 

Type 1: Friedliinder A 4208, A 5054, No. 380, 916 and 1058. All 
isolated from sputum. 

T 5 'pe 2: Friedliinder B 5055, B .4209, B 7380 and 4631. All isolated' 
from sputum. 

B. lactis aerogenes 243 and 418. 

No. 1360 freshly isolated from urine. 

Type 3; Friedliinder C 5056, C 10273, and X 4211. 

No. 915, freshly isolated from sputum. 

J y Rhinoscleroma C 5046, C 5047, C 5048, 1936 and 1383. 

/i^.'pe 4: Ozaena D 5050. 

^Type 6: Ozaena F 5052 and ozaena Diagnosis Department. 

Tj'pe 7: B. lactis aerogenes 4140. 

Tj'pes 8 — 14: All, freshly isolated from urine (see Table 10). 

From these results it will be noticed that within the Klebsiella 
group just as in other groups — there is a small number of very 
common types, whereas many types are infrequently found. In- 
vestigation of a considerably larger number of strains will reveal 
many new but relatively rare types. As in other groups, the type di- 
stribution will be subject to variations due to differences in time and 
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location. Judging from the studies carried out so far, in the KlebsiVlh 
.|roup we chiefly have to deal with capsular types 1, 2, 3, 8, 9, S 
10, of which t3'pes 8, 9, and 10 are found luostij? in urine. 


The Diagnostic Antigenic Schema for the Klebsiella Group. 

The establisliment of a special antigenic schema for the Klebsiella 
group, independent of the Escherichia antigenic schema, was made for 
practical reasons. In the presence of Klebsiella strains it is more simple 
to have the sera required for the diagnosis entered in a special schema 
rather than looking for them in a large complicated Escherichia 
schema. Furthermore, as no H antigen is found in the Kiebsieha group 
tliis schema comprises only two headings, O and K antigens. By com- 
bination of O antigens with K antigens, rvhich in the Klebsiella group 
— in contrast to the Escherichia group — all are thermostabile cap- 
sular antigens, it is possible to set up a diagnostic antigenic schema 
as shown in Table 11, With a view to the use of this schema in 
practice, where a detailed determination of the O antigen is impractic- 
able, the 0 partial antigens are omitted in Table 12. 


Table H. 

Viagiiostic Klebsiella Anligenic Schema (extended). 


0 groups 

Antigens 

.Strains 

0 

K 


1 1 

1 

A 4208, A 5054, 380 


1 

2 

B 5055, 243, 418 


! 1 

3 

C 5056, C 10273, 915 

1 

1 1 

7 

Aer. 4140 


! 1 

8 

No. 1015 and olhers 


1 1 

10 

No. 919 and others 


1 ^ , 

12 

No. 313 


1 2 a 

2 

B 4209 


2a, 2b 

2 

B 7380, 4631, ISBO 

2A 

2a I 

^ 1 

Rh. 5046 and others 

i 

1 * n 

\ 

* 1 

No. 1126 


(2a),2c,2ti 

4 

i Oz. D 5050 

2B i 

2 a, 2 c 

; .0? 

1 Oz. E 5051 


2a, 2c 

6 

! Oz. F 5052 

3 

3 

n 

No. 390, 674 ______ 



9 

No. 56 and others 



13 

No. 1470, 1995 


' 

14 

No. 1193 


Key; Aer. = Aerogenes, 

Rli, == Rhinoscleroma, 
Oz, = Ozaena. 
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Tabic 12. 


0 group 

Capsule 

lyjje 

Karlicr 

designation 


t 

A 


2 

B 


3 

C 

1 

7 



8 

j 


10 

! 


12 



2 ' 

B 


3 

C 

2 

4 

n 


G 

8 

1- 

3 

11 

i 


9 



13 



14 

1 


From Table 11 and 12 it will be noticed that cai>sular antigen 1 
hitherto has been demonstrated only in O group 1. In contrast hereto, 
capsular antigen 2 occurs both in O group 1 and in O group 2. Type 
1; 2 includes strains Friedliinder B 505r> and »Acrogcncs« 418 and 243, 
while Friedliinder strains B 4209, B 7380, and 4631, as well as strain 
1360 (isolated from urine), belong to type 2:2. Strain B 4209 pos- 
sesses O antigen 2 a, while the remaining 3 strains possess O antigen 
2 a, 2 b. Correspondingly, capsular antigen 3 occurs in both O group 

1 and 2. Strains Friedliinder C 5056, C 10273, and 915 have formula 
1: 3, while all the rhinoscleroma bacteria have formula 2 a: 3. These 

2 types, 1:3 and 2 a: 3, differ also culturally, as is evident from 
Table 2. 

Also capsular antigen 8, which is most frequently found, occurs 
in both O groups, though more often in O group 1, as so far only one 
strain (1126) with formula 2 a: 8 has been found. 

All strains of capsular type 9 occurred in the R form, which thus 
appears to be characteristic of the type. 

All the strains of capsular type 10 that contained any O antigen 
belong to O group 1. 

If it is desired to continue the attempt to simplify the diagnostic 
schema, we may leave out the 0 determination entirely, making merely 
a diagnosis of the capsular types. This is recommendable in practice, 
as the isolation of acapsular forms required for determination of O 
antigen, or the production of sera with capsular forms, take a good deal 
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of time and, m the Presence of R forms, will not lead to the desired rp 

suit. In this case, then, the diagnosis should be given as Klebsiella 
type 1, type 2, etc. If an O determination is carried through the types 
may be designated by their antigenic formula as: Klebsiella M l a 
2 a: 2, 2 a: 3, etc. ' ’ 


Also determination of the R antigens, which hitherto has not been 
carried through, will not come into consideration in the practical 
diagnosis, being merely of scientific interest. 


Effect of Antibiotics on Klebsiella Cultures. 

With a view to the frequent Klebsiella infections of the urinary 
tract and the therapy employed for such affections, studies have been 
carried out on the effect of penicillin, streptomycin, and sulfathiazole. 
More than 30 strains of the various types were tested in plate experi- 
ments (after the disc method). By means of a glass spatula a thin 
suspension of a culture in saline was spread on a 10 % horse hlood 
agar plate, and 3 discs of filter paper (15 mm. in diameter) were 
placed on each plate. On one disc 1 drop of penicillin solution (200 
I.U. per cc.) was placed; on another 1 drop of streptomycin solution 
(10.000 I.U. per cc.); and on the third 1 drop of 0.5 % sulfathiazole 
solution. The results were read after incubation at 37° for 20 hours. 
If no zone of inhibition was seen round the disc (i. e., less than 15 
mm.) the culture was reckoned as resistant. If the zone of inhibition 
xvas between 16 and 24 mm. the sensitiveness was designated as 1, 
with a diameter of 25 — 34 mm. the sensitiveness xvas designated as 2, 
and with a diameter of 35 mm. or more as 3. 

All Klebsiella cultures w'ere resistant to penicillin and sensitive to 
streptomycin, the degree of sensitiveness lying betxveen 2 and 3. The 
cultures differed in their behaviour to sulfathiazole, some being com- 
pletely resistant, others showing a sensitivity between 1 and 3. A verj 
old laboratorj' strain wms resistant to sulfathiazole, so that the re 
sistance cannot be due to treatment with the remedy. On the ot er 
hand, some experiments carried out by Erna Morch-Lund (to 
published later) showed that Klebsiella strains originally sensitne o 
streptomycin might become perfectly'^ resistant in the course of rea 
ment with this antibiotic. 

From the above-mentioned experiments it is evident that strepto 
niycin will be of primary therapeutic importance in Klebsie a 
tions. So in cases of pneumonia that do not promptly respon ° 
ment wuth penicillin the sputum should be examined bacterio o 
in order to ascertain whether Klebsiella bacteria be presen . 
estimation of the resistance of Klebsiella cultures it ma es 
ference whether capsular or acapsular strains are employe or w 
the test be carried out on plain agar or blood agar plates. 
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Mouse Virulence of Klebsiella Cultures. 

In order to test the virulence of Klebsiella bacteria especiallj 
the new capsular types isolated from urine — white mice (weighing 

18 20 grams) were inoculated intraperitoneally with 0— cc. ol lU- 

foid dilutions of a 20-hour broth culture. The mice were observed for 
14 days, although death usually occurred within 48 hours unless the 
animal survived. Altogether 70 cultures were examined in this ^^a>. 

Apart from some cultures which even in a dose of 0.2 cc. undiluted 
broth culture were unable to kill the mice, this dose proved lethal 
for a majority of the strains. In contrast hereto on dilution of the 
cultures the strains were divided into 2 groups. The strains of one 
group in culture dilutions even as high as 1:100.000 — 1:1 million 
proved lethal to the mice, whereas the strains of the other grou]i in 
corresponding dilutions did not kill the animals. The first group in- 
cluded capsular types 1 and 2, even though not all the strains of this 
type were virulent (thus, for instance, strain 2: 2, isolated from urine, 
was avirulent). The other, aviruicnt, group included all the strains 
isolated from urine, especially the frequently occurring cajisular types 
8, 9, and 10. As a rule these cultures are lethal to mice only as un- 
diluted broth cultures, though sometimes they arc lethal in dilution 
1 : 10 . 

l^'^ith regard to their j)athogcnicity, then, the Klebsiella strains 
fall in 2 large groups: 

I. Capsular types 1 and 2. which are virulent for mice; in man 
they mostly produce infections of the respiratorj’ organs. 

II. Capsular types 8. 9, 10, and others, which are not virulent for 
mice, and in man they usually produce infections of the 
urinary tract. 

The 2 groups do not differ biochemically, nor in their behaviour 
to antibiotics and sulfathiazole. 


On the Nomenclature of the Klebsiella Bacteria. 

In order to have a common designation for all the O groups and 
types of the Klebsiella bacteria it is recommended internationally to 
adopt the term ^Klebsiella group« as alreadj' emi^loyed in the literature. 
As the classification of this group is based on the determination of 
serotypes, specific names for these types would be superfluous. We 
designate them after their antigenic formulae as Klebsiella 1*1 1 • 
1:3, 2:2, 2:3, and so on. • - x--. 

T. put tbe Klebsiella group ~ which, in concordance with 

K R. Edwards, is looked upon as one genus — on a par with the 

Eschenchia group, which likewise is divided into serotypes without 
speeme names. 

This principle of classification, after which biochemically defined 
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groups are divided into serotypes, applies to the total group of Entem- 
hactenaceae (Salmonella, Shigella, Arizona, Ballerup, Bethesda Al- 
kalescens, Proteus, etc.), and it has proved most profitable for scienf 
ific and practical works. 


Even though we fully realize that in nature — especially within 
the Enterobactenaceae — there are no sharply defined groups for 
practical reasons we still have to set up different groups by means 
of biochemical criteria. The results hitherto obtained through anti- 
genic analy^sis show plainly that all these groups belong together so 
that in the future it will be possible to set up one antigenic schema 
covering all enteric bacteria. 


Discussion. 


If in keeping with Bergey’s Manual we want to divide the tribe 
Eschericheae into biochemically defined genera, only 2 genera, 
»Escherichia« and »KlebsieIla« should be set up, not 3 (Escherichia, 
Aerobacter, and Klebsiella). As belonging to the Klebsiella group we 
reckon a considerable number of Gram-negative capsular bacteria 
hitherto designated as Friedlander, rhinoscleroma, ozaena, aerogenes, 
and aerobacter bacteria. Owing to the rules of nomenclature, it is not 
permissible to designate this group as » aerobacter group* because the 
term »Klebsiella« has priority. 

The Klebsiella group is defined as non-motile. Gram-negative, non- 
sporing rods that do not form indole and which ferment adonitol, 
inositol and other carbohydrates or alcohols, often breaking down 
urea and frequently giving a positive Voges-Proskauer reaction and 
negative methyl-red reaction. As a rule these bacteria grow on Sim- 
mons’ citrate agar; normally they possess a capsule, and most of them 


form »mucus«. 

In contrast hereto the Escherichia group (coli group) is made up 
mostly by motile, Gram-negative, non-sporing rods which usually form 
indole, ferment adonitol and inositol but rarely, and give a nega ne 
Voges-Proskauer reaction and positive methyl-red reaction. ° 

not decompose urea, and usually they do not grow on Simmons ci ra e 
agar. Apart from the A forms and one L form, they possess no capsu e, 
and as a rule they form no »mucus«. . 

As in all other groups of Enterobacteriaceae, there is no 
criterion that is characteristic of the Klebsiella group exclusnej 
of the Escherichia group alone. Still, a combination of some ^ 

will generally permit a decision as to the grouping of a given 
There are cultures, however, that occupy an intermediate posi^ 
illustrating again that in nature no sharply defined group is 
found. Therefore, where it is not possible sharply to de me i ^ 
vidual biochemical groups, the demarcation each strains 

be more or less arbitrary. There will always remain so 
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^vhich cannot readily be entered in one of the groups. I his applies, 
not only to the Escherichia and the Klebsiella groups, but also to al 
other groups within Enterohacteriaceac — e. g., the Salmonella and 
Arizona groups. As already stated repeatedly, only the individual types 
can be defined sharply, not the various groups, among which tran- 
sitions are to be found. 

Serologically the Klebsiella strains examined so far belong to va- 
rious O groups, the first and probably most frequent of which is 
closely related to the Escherichia O group 19, while the O antigen of 
the infrequent type 3:11 is identical with the O antigen of the Esche- 
richia O group 9. 

Here it will be appropriate explicitly to emphasize that so far the 
writer has investigated only the O and K antigens, not the R antigens. 


Snmmarij. 

1. In contrast to the hitherto prevailing view — according to 
which the serology of the Klebsiella group is determined by carbohy- 
drate-containing capsules and the R antigens consisting of protein — 
it has been demonstrated that Klebsiella bacteria contain also 0 an- 
tigens. 

2. By means of the O antigens the Klebsiella group can be di- 
vided into various 0 groups. 

3. The O' antigen in Klebsiella O group 1 is identical with Esche- 
richia 0 antigen 19b, while the O antigen of Klebsiella O group 3 is 
identical with Escherichia O antigen 9. 

4. By means of the ca])sular antigens it has been possible to di- 
vide the O groups into tgpes, with the same capsules occurring in dif- 
ferent groups. 

5. A description is given of 8 new capsular antigens. The writer 
suggests that the capsular antigens should be designated by means of 
consecutive arabic numerals, as a large number of types must be 
considered. 

6. Klebsiella capsule 10 is almost identical with Escherichia cap- 
sule 39. 


7. Antigenic relationship is found between Klebsiella capsule 7 
and Escherichia capsule 55, betrvecn Klebsiella capsule 8 and Esche- 
richia capsule 34, and between Klebsiella capsule 11 and Escherichia 
capsule 37. 


Thus Klebsiella type 3:11 has the same O antigen as Escherichia 
tyiic 9:37, while capsules 11 and 37 have partial antigens in common. 

8. By means of cultural methods the Klebsiella group can he di- 
vided into various biochemical types. 

9. Klebsiella strains are non-hemolytic and as a rule do not cause 
hemagglutination. 


1^ Notwithstanding the close relationship between Escherichia 
and Klebsiella cultures, there still are such distinct biochemical dif- 
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terences between them Ihot they may be considered as coaslil»li„. 
two special groups. , ^ 

11. Attention is drawn to the pathogenic significance of the Kleb 

siella group, especially in urinary infections among which 3 new cap- 
sular tj'pes 8, 9, and 10 — have been demonstrated in about 90 % 
■of the cases. “ 

12. Capsules types 1 and 2 are generally virulent for mice; in man 
they give rise mostly to respiratory infections. 

13. Capsular types 8, 9, 10 and others are non-virulent for mice; 
in man they usually produce urinary infections. 

14. As to the nomenclature of the Klebsiella group, the writer 
suggests that the term »Klebsiella€ be accepted internationally and 
that the individual types be designated by their antigenic formulae 
(1:1, 1:2, 1:3, etc.), that is, leaving out all specific terms. 

15. Klebsiella cultures are resistant to penicillin but sensitive to 
streptomycin. The individual strains vary in their behaviour towards 
sulfathiazole, but most of them are resistant. 
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THE ETIOLOGY OF SEALER’S FINGER (BLUBBER 
FINGER, SPECK FINGER) 

By Th. ThjotUi and Jo/i.v. Kvittiiiyni. 

(Roccivod for i)ul)licalion .laniiary 194!).) 

The sealers of the norlhcrn and southern oceans arc very often 
afflicted with an infection of the fingers called sealer's finger or 
blubber finger (Norwegian sjicck finger). This disease is only slightly 
known by text-hook authors, hut is very well known to ])ractitioncrs 
residing in the northern cities of Norway who have to treat the scalers 
when they come home after their periods of seal hunting and i>rescnt 
their swollen fingers for treatment. 

It is the opinion of the sealers Ihcinselvcs that this disease is caused 
by some infection contracted through the handling of seals and e.spe- 
cially through the skinning of the animals, when the hands of the 
skinner come into close contact with the carcass of the animal and 
some infective matter is rubbed into cuts and abrasions on the fingers. 
Experience justifies this view, hut hitherto no microbe of any kind 
has been made responsible for the infection, but then it is true, only 
very slight interest has been taken in the elucidation of the i)roblcm. 
The reason for this fact is obvious. The infection is incurred far from 
civilization, Avhere no physician is present, let alone an institute that 
might go into the problem. And when the ])aticnls reach home only 
the remains of the acute disease present themselves, and furthermore, 
if a finger of that kind is exarticulatcd it has to he sent a long way to 
reach a laboratory where the examination can be taken iij). 

Few papers on scaler’s finger arc to be found in the literature. The 
most exhaustive is that presented by Maihicsen, Hdiipl and Tlijdtln 
in 1935. These authors have given an account of the disease, with 
regard to its clinical aspects, roentgenology, jirognosis and treat- 
ment (1). A careful examination of all the material at hand in 1935 
showed a number of disseminated infiltrations in the loose subepithc- 
lial connective tissue and especially 'in the fatty marrow of the finger 
bones. The articulations were often destroyed by infiltrations that had 
loosened the cartilage and partly resorbed it. This is the reason why 

• Acta path. Vol. XXVI, 3 


27 



408 


a finger affected by this disease very often is stiff after recovery In 
this material no microbe ^vas found that could he held responsible 
The reason for this negative result was mainly thought to due to the 
poor condition of the material for a bacteriological examination Al 
most all the fingers had been inflamed for a long time, and they were 
all dead material, where many saprophytes had invaded the tissues. 

Since 1935 wc have been interested in this disease. But only re- 
cently have we had an opportunity to take up this study again. This 
time we have had fresh material at our disposal, and Ave have ob- 
tained results that will be jiublished — in spite of the fact that our 
material consists of only three cases — in the hope that other inve.sti- 
gators may he induced to take up the problem. 


Case /. 

This was a typical case of »spcck fingcr« with an infection of hie third 
left finger that had lasted for G weeks. On tiie 29f]) of May a surgical incision 
was made and inflammatory tissue sent us for examination. On microscopical 
examination gram-positive cocci wiili the appearance of micrococci were 
found. 

The material was inoculated into the following media; 

Chocolate agar, blood agar, plain agar, semisolublc hrain-heart cxtnict 
agar, 1 per cent glucose- broth. The incubation was carried out at 25. 30 and 
.37° C. aerobically and anaerobically and in a moist almospliere. 

After incubation for 48 hours all cultures yielded a growth of Staphylo- 
coccus albus. Besides these colonies, wJdcb were taken to be saprophytes, a 
few small, i-cddish-yellow colonies were seen. The latter colonies grew only 
in the aerobic cultures, but in cultures incubated at all tbc temperatures 
mentioned. 

The reddish-yellow colonies avoj’c sepai-ated from tbc wliitc staphylococci 
tlirough several generations. The characteristics of the microbe thus obtained 
is as follou's: 

It is a gram-positive coccus, obviously a Micrococcus. The colonics aic 
round, domed and smooth. The colons vary from dark yellow to red bric 
or rose, and the consistency is butyrous. 

The optimal growth temperature was 30° C. The best growth occurred oi 
chocolate agar plates, where colonies were visible after 48 hours incu a loi 
and where tliey grew up to a size of 3—4 mm. after incubation for o-— I aj • 
The growth on common blood agar plates was slower and distinct y pool c - 
After several subcultures, growth was also obtained on plain agai, 
was slow and poor. , . 

On gelatine no growth occurred, and on brain-heart extract agai ’ 
soluble condition very slight growth was seen on the surface only, n & 
bi’oth a slight growth was seen after 8 — 14 days’ incubation. 
and pigment production was found in litmus milk after 8 days me 

No acid production was found in glucose-maltose and sacebmos 
agar. The growth was slow and scanty. 


Case 11. 


This case was an cxarticulated finger \yith the symptoms o sp 
but being an old case it was not very suitable for examination. 

Cultivation was performed as in case I. Very abundant single 

staphylococci and diplifheroids was obtained. Among these co on 
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ycllow-rocl colony wa. fouml l.ut isolation of tins colony in pure culture 
proved impossible. 

case was a fresh one. The material consisted of purulent tissue 
oxcochleatecl by Dr. A. F. IMathicsen*) in Aalesund, who sent us the specimen 
on the surface' of chocolate agar in screw stopper flasks, with which \ye had 
provided him. On this medium we found a gi'owlh of wiiite sla])hylococci 
and some reddish-yellow colonies that were .subcultivated in pure form. Tliese 
colonies and the microbe forming them were in every respect analogous to 
Iho.se described in Case 1. 

Thus, from two cases of speck finger we have elicited two strains 
of a microbe obviously with the same luorpliological and biochemical 
properties, and the question arise as to wlial microbe this may he and 
whether it has anything to do with the etiology of speck finger. 

Taking the last question first, wc have no convincing evidence that 
this microbe is the cause of speck finger. Rci»ealcd injections of the 
microbe into guinea-pigs and rabbits did not cause any disease in the 
animals, and comiilcmcnt-fixation and agglutinin experiments with 
lilood from Case I did not give any positive reactions. Titus, it is ex- 
clusively on circumstantial evidence that wc venture to call attention 
to this microbe. The microbe is obviously very seldom encountered. 
And this rare microbe has been cultivated from two cases of the same 
disease and demonstrated in a third. Wc arc not surprised to find 
Staph3'lococcu.s' albus as a saprophyte in material from the finger le- 
sions. But it is of greater significance that we find a very rare microbe, 
that never seems to occur in ordinary cultures in material from a 
Itathological lesion. And it means even more wlien two strains from 
different patients arc shown to be identical morphologically, culturally, 
and serologically. 

Serological examinations of the two strains were carried out in sera 
from rabbits inoculated with the two strains, jiartly killed and partly 
living emulsions. With lhc.se .sera agglutination and complement-fixa- 
tion experiments were made. The results were as follows: 





Scrum 

I Serum II 

Agglutination; 

Strain I 

Titre 

1;Gt0 

1:GS0 


Strain II 

» 

1 .-320 

1:1 GO 

Complemenlfixafion; 

Strain I 


0.0001 

ml. 


Strain 11 


0.0001 

ml. 




27 * 
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serologically 

We may thus conclude that we have cultivated two strains of a 
Micrococcus of a peculiar and rare species from our two cases of speck 
finger. This microbe produces a j'ellowish-red pigment and grows 
slow’ly and -with difficulty on our media and does not ferment sugars 
nor liquefy gelatine. AH these characteristics necessarily exclude this 
microbe from the knoxvn species of the large genus of Micrococcus or- 
dinarily met with. 

In our endeavor to classify this organism one of us (Thjotta) re- 
membered to have at one time been working with a microbe very much 
like the one in question. This microbe was also a pigment producer and 
a gram-positive coccus w'ith very sloxv growth, and, what was still more 
significant, it -was cultivated from salt water fish. This was done as 
a study of the so-called red mite seen in dried and salted cod. This 
Micrococcus was shown to be a halophil microbe which could grow 
in solutions of sodium chloride up to 20 % and even more. We felt 
that it might be worth xvbile to examine our strains as to their tole- 
rance of sodium chloride, and very soon it xvas found that we really 
had to deal with a halophil microbe, a fact that seemed to give more 
hope of our microbe being a salt water microbe. 

The experiments with salt solutions showed the following results’. 


Growth in 2% per cent, agar vvith various amounts of NaCl. 

NaCl per cent Strain I Strain JI 

0 

± 

+ 

1 

-f 

+ 

2 

4- 

+ 

3 

++ 

++ 

4 

++ 

-1-+ 

5 

+ 4- 

"f 4- 

7 

+ 

+ 

10 

i 

i 


The optimal salt concentration is 5 %, and accordingly 
lower than in our red mite Micrococcus. But this is quite natura , si 
the Micrococcus from the fingers had lived for many genera 
human tissue {if one may suppose so), while the red mite s ram 
cultivated directly from a very salt cod. . 

There is every reason to believe that our two ^ pjp 

salt water microbes, and if this is so, the evidence of mir le 
cause of speck finger is strengthened. . 

What may be the relation of this Micrococcus to 
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which the infection of the scalers is though I to come? The aforemen- 
tioned study hy Mathiesen. Hiiupl and 1'hjdtta showed that the seal 
itself was affected hy many lesions winch ni)on histological examina- 
tion showed very much the same picture. Hiiupl, who has a large ex- 
perience in that kind of studies, felt that the lesions in man and in the 
seal must he due to the same insult. The seal obviously had obtained 
its lesions from rubbing against the ice or perhaps from battles with 
fellow seals. The o])cn lesions in the skin may tlicn well he infected 
with some microbe from the sea water and from the seal transmitted 
to the sealer during the skinning. 


(U)nclitsions. 

1. From two cases of tyjiical yspeck fingcr« we have cultivated two 
strains of a microbe that has been identified as a pigment-j)roducing 
strain of a Micrococcus, showing very slow growth on ordinary media. 
The microbe is moderately halophilic and has no fermentative jiowers 
against carbohydrates. 

2. The isolated Micrococcus was only a moderately good antigen 
in rabbits. But after several injections the animals responded and 
yielded a scrum that gave antibody reactions as well against the ho- 
mologous as against the heterologous strain. 

3. Although we cannot claim that this microbe is the cause of 
speck finger we feel that it may he a working hypothesis and we re- 
commend other investigators to examine their cultures for this microbe 
when opportunity is at hand. 


in-FEUKNCKS: 

Mnihicscu, A.rcl F., Ilaupl, h. and TlijOtln. Th.: fhier don Spockfinper. Skriftor 
utpitt. av Dot Norsko Vidonskai)s-.\kadonii i Oslo I Malom -Nalurv 
Klasse 11)35, No. 10. 

Lan'nn|/ 7uu/rc; To lilfollo av .,Si)okfin.ireix Tidsskr. f. d. ii. la'Lroforcninu. 
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SATELLITISM IN A CORYNEBAGTERIUM DUE TO AN 
UNUSUAL GROWTH FACTOR 

By Emil Steen. 

(Received for publication January 24th, 1949.) 

Hemophilus influenzae is known to. grow as a satellite around other 
bacterial colonies on blood agar. A gram-positive rod which sho^Ys a 
similar satellite phenomenon, has been described by Svendsen, Amlie 
and Dick Henriksen (1) from this institute. Thej' suggested the name 
Corynebacterium hemophilum for this rod because it required the 
growth factors X and V. 

While examining a blood agar culture we found another Coryne- 
bacteriuni which showed a marked satellite phenomenon, growing 
around staphylococcus colonies. The culture originated from the nasal 
secretion of a patient suffering from acute iridocyclitis. The colonies 
largely resembled those of Hemophilus influenzae though they were 
more opaque and pearly grey. Further the satellite phenomenon was 
due to other growth factors than X and V. 


Properties of the strain. 

The morphology of the rod varied according to the size of the co 
lony. The larger colonies near a staphylococcus colony corisisted o 
non-sporing, straight, non-motile, gram-positive rods measuring abou 
1 by 3 — 4 u. The rods showed clublike swellings of both ends v ici 
contained metachromatic, acid-fast granula. Thej’ showed a ten enc> 
to angular or parallel jjalisade arrangement, never forming chains. 
The smaller colonies consisted of coccobacilli which measure a )ou 


1 hy 1,5 u. . f. 

Meat Infusion Broth: Inoculation from a large colony yielde , • ^ 

24 hours, a clear medium, with a scanty, coarsely granular 
containing typical rods. After 2 — 3 days the broth became turn 
the deposit tenacious and homogenous. Microscopic examination 
ly revealed coccobacilli. When the inoculation was made 
colony, the broth became turbid with coccobacilli within - ‘ 
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After 30 subcultures iu meat infusion broth, the nucrol)e still pre- 
sented the tyj)ical satellite phenomenon on blood agar. 

Colony The colonies were on the whole pini)oint-sized circular, 
slightlv elevated, smooth, pearly grey, and semi-transparent. Close to 
the staphylococcus colonics they were somewhat larger, measuring 
up to 1 — 2 mm. in diameter. 

Fermentation reactions: Various sugars, alcohols, and glucosidcs 
were added to peptone water. Acid, hut no gas was produced from 
Icvulosc and saccharose only, but not from glucose. 


7Vie Satellite Factor. 

Grassberger (2) as early as 1808. observed the well-known phe- 
nomenon that Hemophilus influenzae grows in large colonics near 
sla])bylococcus colonics on blood agar. Neisser (3) suggested the name 
»Ammcnbacillcn« for bacteria which thus favour growth. The term 
»Salellitisme culturcl« was first introduced in 1010 by Meunicr (4). 

Theoretically, the satellite iihenomenon may he jiroduccd in two 
ways : 

1. An organism may jiroduce substances which favour the growth 
of another organism. 

2, An organism may exert a dcslruclivc or inhibiting effect on .sub- 
stances which inhibit the growth of another organism. 

The production of substances favouring growth is the usual cause 
of the satellite phenomenon. Thjiitta and Avert) (.')) in 1021. showed 
that Hemophilus influenzae rcffuircs the X and V factors. At present 
we know that the X factor is identical with hemin, and Lwoff and 
Livoff (6) have shown that the V factor is identical with Hardncr and 
Young’s cozymase and Warburg and Christian’s coenzymes (di- or tri- 
phosphorpyrldine nucleotide) . 

Hemin is probably the growth factor, the chemical structure of 
which was first determined. Later on a number of growth factors were 
detected and partly identified. Foscr and Saunders (7), Peterson and 
Peterson (8), and Porter (9) have given excellent surveys on this 
subject. Different microbes vary considerably in their rcciuiremcnls 
for growth factors and ability to synthesize their own growth factors. 

Miilleraml Sclwpfer (1(1) in their publication dealing with thiamin, 
mention bow the presence of one micro-organism may favour the 
growth of another. Mucor rammanianus, a mold fungus is incapable 
of synthesizing one component of the thiamin molecule. Rhodotornla 
rubra, a yeast fungus, needs only the other thiamin component. These 
fungi are thus not capable of growing separately in simple synthetic 
media without thiamin. Together, liowever, they grow readily without 
thiamin being added, as one fungus produces the iiart of the' molecule 
which is rcciuircd by the other. 

Another example is described by Kbgl and Fries (11). The two 
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fungi, I olyporus adustus and Neinatospora gossypii, will not grow 
separately on simple media. However, when inoculated together they 
develop, for the simple reason that Polyporus requires thiamin which 
Neinatospora is capable of producing. On the other hand, Nematosnora 
requires biotin which is produced by Polyporus. 

The satellite phenomenon on blood agar has, as previously men- 
tioned, been described for a Corynebacterium, which requires the X 
and V factors. These factors, however, exert no influence upon the 
strain which we have isolated. Nor did we see any effect of potato or 
turnip extract, thiamin, nicotinic acid, pantothenic acid, pyridoxine, 
para-aniinobenzoic acid, and riboflavin. 

In order to determine which factors might be responsible for the 
increased size of colonies growing in close proximity to colonies of 
staphylococci, some experiments were carried out, with a viexv to the 
following: 

1. Which bacterial species have the growth-promoting effect? 

2. On what kind of media will the satellite phenomenon occur? 

3. What are the properties of the growth factor? 

Ad 1.: The Corynebacterium xvas streaked on blood agar plates in 
parallel streaks, whereas the microbes to be tested were streaked at 
right angles to the Corynebacterium in widely separated streaks. A 
total of 46 different strains were tested, but a growth-promoting effect 
was obtained by Serratia marcescens and hj’ 6 out of 8 strains of Sta- 
phylococcus aureus only. 

Ad 2.: The Corynebacterium was inoculated together with yellow 
staphylococci on various media. The technique just described was used. 
The results are shown in table 1. 


Tabic I. 


IMediiini 

j Satellite Phenomenon 


— 


"T 


-h 

Agar with d % washed blood' cells 


>? » 5 % serum* 

+ 


" Blood from man, sheep, rabbit, and liorsc gave identical lesults. 

It will be seen from the table that the satellite 
on agar containing serum, but not on agar containing vas e 
cells only. Whether human blood or blood from sheep, ra n > oi 
is used, the results are the same. 
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Ad 3.: Ill order to investigate the growth factor the following strains 
were grown in fluid media: Serratia inarcescens, Staphylococcus au- 
reus B 382 a staphylococcus with marked growth-promoting ef ec , 
and Staphylococcus aureus S. 174, a strain which showed no growth- 

jjromoting effect on blood agar plates. ^ • i ti 

The following media ivere used: Ordinary meat infusion broth, 
broth to which was added 10 % serum, 10 % washed. blood cells, or 

10 % whole blood. o'- n 

The cultures were incubated under aerobic conditions at 3/° C. 
for two days. They w'ere then filtered through a Berkefeld filter and 
adjusted to a pH of 7.8. Blood agar plates were inoculated with the 
Corynehacterium. Cylindrical holes were punched in the blood agar 
plate and filled with the various filtrates. The plates were incubated 
in a moist atmosphere in order to prevent evaporation, and examined 
after two days. The results are shown in table 2. 


Table 3. 

The Growth Factor in Filtrates from Fluid Cultures. 


Medium 

Staph, aiir. 
B. 382 

iSerralia 

marcesc. 

Staph, aur. 
S. 174 

Meat infusion brotli 

— 

— 

— 

M. i. broth -I- 10 % serum 

+ 

+ 

— 

M. i. broth -f- 10 % blood colls 

— 

— 

— 

M. i. broth -1- 10 % whole blood 

-b 

-b 

— 


+ indicates satellite phenomenon around the hole in the blood agar. 

— indicates no satellite phenomenon around the hole in the blood agar. 
Meat infusion broth containing 10 % hemolyscd human blood was used 
as control. 

The table shows that the grorvth factor is filterable and is formed 
w’hen Serratia inarcescens, or Staphylococcus aureus B. 382 grows in 
meat infusion broth containing serum. 

In the following experiments a filtrate from a serum broth culture 
of B. 382 was used. The filtrate was tested for thermoresistance arid 
it was found that the growth-promoting factor resisted a temperature 
of 65° C. for 20 minutes, hut was destroyed ivhen heated to 75° C. for 
20 minutes. The growth factor was not dialysable through a cello- 
phane membrane. 

T 'Tli^globulins and albumins contained in the filtrate were pre- 
ciintated liy ammonium sulphate at 50 % and 100 % saturation re- 
spectively. The various fractions were redissolved in isotonic saline 
and the ammonium sulphate removed by dialysis against 0.85 % NaCh 
The pH was adjusted to 7.8 and the samjiles tested for sterility. More- 
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•over, trypsin was added to the original filtrate and the mixture in- 
cubated for two days at 37° C. These solutions were then all tested 
for growth-promoting effect. The results are shown in table 3. 


Table 3. 


Solution 

Satellite phenomenon 


-h 







■(jiiOjJUllll 11 clCllUll 


AlDumiii iia.ciioii 

-t 

Filtrate less the glonuiin 

Filtrate less the albumin and globulin fraction . . . 

— 


The table shows that the growth-promoting factor is 
by ammonium sulphate, together with the albumins, ami tot .1 is 

destroyed hy trypsin. 


Comments. 

The gram-positive rod 

Corynehacterium. The pleomorphism, i. e., the yi 
hacflli. and the different growth in meat eul- 

as that of Corynehacterium enzymicum. ^ ^^^tgriuin xerosc. 
tural features resemble more close y ose satellite phenomenon 

The most characteristic feature, sSlylococcus colony 

which occurs when the microbe months, 

on blood agar. This was a constant featur laboratory, 

the period during which the micro e aa satellite phenomenon 

Corynehacterium hemophilum ^ y tor its growth. These 

on blood agar but requires Consequent- 

factors had no influence upon the stra previously described 

ly this strain cannot be identical AVith any of the pre 

species of Corynehacterium. «,-vnphacteria, particularly C. 

Mueller (12) has shown that known are 

diphteriae, require a number of gro'' latter may he 

nicotinic acid, beta-alanine, and pinie i groAvth factor Avhich nc 

replaced hy biotin and panlothemc acid, The^g^ , , „ 

have investigated, however, is of obviously not idea- 

its active form, linked to a prol'-n-.K “ gltfereii 

tical Avith the previously knoAvn gro reasons strongly sugges 

strains of Corynehacterium The f»'to i„ ,erum-conlam'»S 

that the factor is a protein: It is onij u 
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media. It is filterable but not dialysable. Further, it is thermolabile 
and is destroyed at temperatures which cause precipitation of pro- 
teins. The most important point, however, is the fact that it can be 
precipitated by ammonium sulphate and that it is destroyed by trypsin. 


Summary. 

A Corynebacterium, which grows as a satellite around staphylo- 
coccus colonies on blood agar, is described. The satellite phenomenon 
is due to a filterable growth factor which is produced when staphylo- 
cocci grow in broth containing serum. The growth factor is a protein, 
probably an albumin, and is not identical with- the X or V or other 
known factors promoting the growth of Corynebacterium. 


REFERENCES 

1) Svendsen, M., AmJic, R. and Did; HenrihscJi, S.: J. Bacf. 1947: 5, 9.- 755 — 58. 

2) Grassberger, R.: Centralbl. Bakt. Parasit. Infeki. I. Orig. 1898: 23: 53—65. 

3) Neisser, M.: Deutsche med. Wochonschr. 1903: nr. 26 (lit.) 

4) ]\[eiinicr: Bull. .-^c. med. 1919, pag. 99. 

5) Thjotla, Th. and Avery, 0. T.: J. Exper. Med. 1921: 24; 97—114 and 455—66. 

6) JAUofi, A. and Ltvoff, M.: Proc. Roy. Soc. London. B. 1937: 122: 352—59 

and 360—73. 

7) Koser, S. A. and Saunders, F.: Back Rev. 1938: 2; 99-160. 

8) Peterson, IF. H. and Peterson, M. S.: Bact. Rev. 1945: 9: 49—88. 

9) Porter, J. R.: Bact. Chemistry and Physiol., New York, 1946: pag. 686—777 

10) MMler, IF. and Sdwpfer, IF. H.: Comp. rend. acad. sci. Paris 1937-205- 

687—89. ■ ‘ 

11) Kdgl, F. and Frie.<!, N.: Z. physiol. Chem. 1937: 24.9- 93—110 

12) Mveller, J. H.: Bact. Rev. 1940: 4; 97—134. 



FROM THE DEPARTMENT OF PATHOLOGY AT THF ^ 

TREATMENT, HELSINGFORS GENERAL HOSpItJl 
FINLAND. (CHIEF: PROF. 1. IFALLG^^W 


A CONTRIBUTION TO THE QUESTION OF THE 
POSSIBLE PHAGOCYTIC ABILITY OF THE MEGA- 
KARYOCYTES 

By Georg-Frcdrik Saltzman. 

(Received for publication January 2Gth, 1949.) 

Great difficulties have been found to be attached to the study of 
the megakaryocytes with regard to manifestations of life and physio- 
logic functions. It is probably impossible, at present, to state definitely 
whether any investigator has, on the vvhole, seen a living megakaryo- 
cyte. Those few hematologists who have studied these cells in bone- 
marrow cultures and in native preparations have not been able to 
demonstrate any definite phenomena of life. Whether this failure is 
due to the fact that the megakaryocytes do not survive the transference 
from their natural environment according to the general methods, or 
perhaps to the fact that the giant ceils of the bone marrow even under 
physiologic conditions are unable to show’ the signs of life w’hich are 
typical of other hlood and bone-marrow’ cells, remains an open ques- 
tion. 

Certain observations, however, have been considered to elucidate, 
indirectly, the functions of the megakaryocytes in the human or- 
ganism. In a previous w’ork (11) I have discussed the question of the 
part played by the megakaryocytes in the platelet formation. The pos- 
sible phagocj’lic ability of these cells is another question of great in- 
terest to many investigators. 

According to the general opinion the term phagocytosis induces 
all those processes by w’hich a cell, actively, takes up foreign substan 
ces from the surroundings. In the literature the ability of the mega- 
karyocytes to ingest other cells has been the chief centre of interes . 
The present communication w’ill also deal chiefly w’ith this aspcc o 
the problem, w'hereas, for instance, the ingestion of bacteria, whici is 
important although it has practically never been studied so far as le 
megakaryocytes are concerned, will be left open to further consicern 
tion. 

Preparations fixed in different way’s are often found to con am 
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megakaryocytes ^vluch have, seemingly, m Ihcir cytoplasm taken u] 
blo?d corpuscles or various kinds. Naturally enough, such p.c ures 
led to the earlier prevailing opinion that the mcgakaiyocj Ics h.u 
properties of phagocytes. Also Wriffhl svith his ^vorkl.^vK^c reputa- 
tion as an investigator on megakaryocytes upheld this vic\\. AlIead^ 
in 1911 however, Maximow maintained that the megakaryocytes were 
not capable of phagocytic action. Later he drew attention to the fact 
that the majority of so-called phagocytosed elements were leukocytes, 
and proposed that these mohilc corpuscles would, actively, approach 
the megakaryocytes. As Maximow points out. it is ^crJ difficult, if 
not impossible, in our usual preparations and with the ordinary optics 
to distinguish between actually phagocytosed cells and those which 
are situated on or underneath the megakaryocyte or in deep folds in 
its cytoplasm. 

Many authors have also later followed this line of thought. A com- 
plete survey of the literature on this subject would lead too far. 1 will 
mention in the first place Introzzi and Wnyts who in their reviews give 
all the essential references. A few works which in ])articular illustrate 
the attitude of later investigators to the problem may be mentioned 


briefly here. 

Firkct, partly in co-operation with liottille. has made a close study 
of the phagocytic ability of the megakaryocytes. These investigators 
found that pictures which would show an unmistakable jihagocytosis 
of red or white corpuscles were extremely rare: they questioned, in- 
deed, their existence on the whole. They observed also that the mega- 
karyocytes did not stain Avith ordinary vital sliiins. which in their 
opinion Avould disprove the phagocytic ability of these cells. According 
to these authors, on increased dissolution of erythrocytes, as the result 
of pathologic conditions or produced experimentally, iron could not 
he demonstrated in the cytoplasm of the megakaryocytes. On the basis 
of these observations the authors considered themselves justified in 
renouncing the opinion that the megakaryocytes would possess jdiago- 
cytic ability. 


According to Kingsley the jnetures Avhich had earlier been con- 
sidered to shoAV megakaryocytes Avith phagocytosed cells, Averc in- 
cidental findings conditioned by the fact that the ordinary microscope 
alloAvs only two-dimensional vision. Thus, these so-called phagocytosed 
cells, according to Kingsley, would be situated incidentally in folds 
of the megakaryocyte cytoplasm. This view was later supported hv 
1 otter & Ward and Leitner. 


Torrwh on examining megakaryocytes in native preparations from 
bone marroAv partly even in dark-ground illumination, has found no 
evidence of phagocytic action. Umlriiz ct lioUilin, quite rcccntlv have 

so e- n 1 ’‘i l’!;"Socytosis, emphasizing their opinion that ibe 

so-called phagocytosed cells are incidentally imposed. 
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Fieschi and Astalcli, on examining megakaryocytes in bone-niar 
row cultures, were also unable to observe evidence of phagocytosis 
Domenighini & Braghin, on the other hand, believed, not so lone 
ago, that they were able to demonstrate definite phagocytosis in 4 68 
])er cent of the 15000 megakaryocytes examined by them. In their 
opinion the possibilities for the process had been proved, but they did 
not regard the ])hagocytosis as an integral phenomenon of life in 
the megakaryocytes. 


It would perhaps be of some interest to report here some observa- 
tions made in native preparations on the heating table in connection 
with my investigations on the origin of platelets (11). When the pre- 
parations were examined microscopically, immediately after having 
been produced, the great majority of the megakaryocytes appeared 
comjdetely isolated from other bone-marrow elements. In those few 
instances where leukocytes were seen close to the megakaryocytes, 
the possibility of chance could not, at any rate, be ruled out. Very 
soon, however, neutrophile and eosinophile granulocytes began to col- 
lect about the megakaryocytes with the speed which is typical of the 
intact leukocytes in motion. During this process the leukocytes were, 
the active cells. The megakaryocj'tes remained completely immobile 
without showing the slightest changes in shape or any definite signs 
of life whatsoever. It should he mentioned, however, that some of the 
leukocytes in the vicinity did not approach the megakaryocytes. Only 
the neutrophile and the eosinophile granulocytes, thus, the most active 
leukocytes, were seen to ajrproach the giant cells in the above-described 
manner. It should perhaps be added that this migration of leukocytes 
was never observed in gvegaralions where the white corpuscles sho^'ed 
no signs of life. 

Shortly, the white corpuscles began, seemingly, to make their way 
into the cytoplasm of the megakaryocytes. At this stage the obserm 
tions were facilitated by the use of the microscope with a darK-grouni 
system. By raising and lowering the objective it was easy to obserw 
that the leukocytes were situated either above or underneath the 
karyocyte, usually above. I have never been able to detect sue 
leukocyte surrounded by megakaryocyte cytoplasm both above ant^ 
underneath. The difference in coanseness of the pale granules m i 
cytoplasm of these two cells is sufficiently evident to rule oil 
possibility of errors. p 

Just in these experiments I have found it most easj^ to 
the coarser and equal-sized pale drops of the neutrophile granu oc 
with the considerably' smaller and unequal-sized pale drops o^^ 
megakaryocytes. This comparison has been of particular m eres^ ^ 
me in connection with my studies on the origin of plate e s 
mention intentionally only the neutrophile granulocytes. c 
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drims in the eosinophilc blood cells arc so Uirgc that even the most 
I'Scllo observe- vvilhoul ewnemy rvib bo ,,blo b. .hst,n«,mb 
them trom the pale drops of the megakaryocytes. 

During this process the megakaryocytes rcmamccl completely pi»s- 
sive. It Avas not unusual that a while corpuscle which for a while 
had been projected in this manner towards a megakaryocyte. \\oul( 
withdraw again, in some instances to return, m others lor tlic rest 
of the observation period. Most of these leukocytes, however, remained 
in intimate contact with the megakaryocyte, until they ceased to slnnV 


any signs of life. 

This process was not observed only sporadically, (hi the remit ary. 
in the great majority of preparations nculro)ihilc and cosinoiihile 
granulocytes gathered in this manner ahoiit all the megakaryocytes. 
In a few instances giant cells without leukocyte satellites were seen. 
Init this should undoubtedly he regarded as fairly rare. The number 
of white corpuscles gathered alioul the different inegakaryoeytos 
varied. It was not at all unusual to see some ten leukocytes about a 


giant cell. 

In the great majority of instances the leukocytes were not able to 
injure or otherwise change the megakaryocyte in any noteworthy 
degree. They would deni llio periphery of the megakaryocyte on aji- 
proachiiig flic cell, hut these minor changes were seldom jiermitnciil, 
the natural shape being restored sponlanomisly. As the leukocyte on 
its way over or underneath the megakaryocyte ajijicared to recjviire 
the bigger part of the .space between the cover glass and the object 
glass, it had to push aside the necessary amount of the granulated 
cyloi)lasm of the giant cell. Therefore, it usually left behind an optical- 
ly more or Ic.ss void groove in the cytoplasm of the megakaryocyte. 
This groove was usually closed very rapidly and some minutes afler 
Ihc leukocyte had passed there were no traces whatsoever of its course. 
In most instances the leukocytes evaded the nucleus of the megakaryo- 
cyte. The nucleus apiiearcd to l)e able to resist more effectively the 
efforts of the leukocyte to change its .shape. 


One instance wdiich I have mentioned jireviously in a different 
context (11) seems to deserve to he mentioned again. .\ megakaryocyte 
with unusually siiarsc cytoplasm and without oliservaldc manifesta- 
tions of life, was, in the manner described in the foregoing, surrounded 
by a few neutrophile graniilocyte.s. In the usual manner liiese wliilc 
corpuscles began to make their way into folds of the megakaryocvlc 
cytoplasm. Contrary to what had been the ease in all mv other ol)scr‘vi- 
lions, one piece of cylopla.sni after the other was spiil off from the 
incgakaryocyte. Most of these fragments remained lying in the im- 
mcdiate vicmily of the megakaryocyte. In one instance, however, one 
of the w'hite corpuscles disaiipcarcd from tlic field of vision with two 
fragments of cytoplasm in low. It witlidrew so far tlial I dared not 
follow the fate of tins remarkable strain* at the risk of losing sight 
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of the megakaryocyte. Finally, the nucleus was stripped of all ik 
cytoplasm by the remaining leukocytes. 

This isolated observation does not seem to have anything in com 
mon with the manner in which the megakaryocytes usually react to 
the attacks of the white corpuscles. It would be obvious to presume 
that the cell had been injured in some unusual way. This appeared 
highly probable, particularly as neither the intact megakaryocyte nor 
the extruded fragments showed the slightest sign of typicaf blister 
formation or of accumulation of fibrin (11). 

The observation is interesting, however, in that it shows that there 
are instances in which the resistance of the megakaryocyte is greatly 
reduced, while, at the same time, permanently favourable conditions 
for the manifestations of life in the leukocytes remain. I have again 
the platelet formation in mind, although, naturally, I dare not draw 
any conclusions whatsoever from this isolated case. 

Which, then, are the forces that drive the leukocyte towards Ihe 
megakaryocytes in the manner described here? Well, the answer to 
this question cannot be given on the basis of these experiments. As 
a result of my observations I find it difficult to accept the idea of an 
altogether incidental contact, as proposed by Vndritz & Fofhiin and 
Kingsley, et al. A suitable means of studying this question closer, 
however, seems to be examination of native preparations in dark- 
ground illumination. 

In my opinion the literature contains no conclusive evidence that 
the megakar 5 '’ocytes would be capable of genuine phagocytosis. The 
observations described here have given still less evidence in this direc- 
tion. Although my experiments may not be said to have been carried 
out under physiologic conditions, an account of the observations seems 
to be justified. The picture presented by many megakaryocytes after a 
fairly short period of observation, harmonizes completely with those 
pictures which have given rise to and been interpreted in fa\our o 
the theory of phagocytosis. 

Similarly^ to the question of the origin of platelets, the pio)cm 
concerning the possible phagocytic ability of the megakaryocytes "i 
not be finally solved until bone-marroAv preparations can be examinc(^ 
under wholly physiologic conditions. Insofar as the above- 
modest observations have served to rectify earlier misconceptions, 
have had a small mission to fulfil. 


iJUIIllliut y. 

After a review of the attitude of recent inv^estigators to t le . 

of the possible phagocytic ability of the megakaryocytes an ac 
is given of studies of these cells in native preparations 
marrow, principally with dark-ground illumination. ese o _ . 
;tions verify that the megakarjmeytes do not possess phagoev 
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but that the pictures which have been inlcri)relccl in favour of this 
property, are conditioned by a tendency of the inol)ilc while corj)uscles 
to accumulate about the giant cells. The reason why the leukocytes 
are driven in this manner towards the megakaryocytes cannot he 
determined. The problem in its whole extent will apparently not he 
finally solved until it becomes possible to study bone-marrow cultures 
under wholly physiologic conditions. 
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Considerable knowledge has been gained about the antigenic struc- 
ture of the various members of the tribus Escherichiae. 

" Iji genus Klebsiella Juliauelle (1926, 1930) established the existence of three 
distinct sero-types, A, B and C and a heterogeneous group, X, in a collection 
of strains associated with pneumonia and other severe infections. This work 
was extended by Goslings \1933, 1935, 1936), Goslings and Snijders (1930), 
Wielenga (1937) and ten Have (1943), who showed that all rhinoscleroraa 
strains were serologically identical with a capsular antigen (C) which was 
serologically indistinguishable from that of Julianelle’s type C, although dif- 
ferences might possibly be detected by means of very specific phage strains. 
Ozaena strains could be separated into the predominating sero-type D and 
the less frequent types E, F, AE and C. Each of the species K. pneumoniae, 
K. rhinoscleromatis and K. Ozaenae was shown to have a separate somatic 
antigen for partial antigen). • t , i 

In the genus Escherichia the existence of a large number of differ en 
capsular, somatic and flagellar antigens has been established by Kauffmann 
(1943, 1944), Kauffmann and Vahlne (1944), Knipschildt (1945), Vahlne (1 oi, 
Sjostedt 1.1946) and others. 

Aerobacter, finally, has been studied less extensively. It has been 
that different somatic and capsular antigens can be found in this genus, 
the same time cross-reactions with members of the other genera ha^e 
demonstrated repeatedly, thus with the capsular antigens of 
type B (Edwards, 1929, Julianelle 1937, Goslings 1933 and or 

and with somatic antigens of Klebsiella (Goslings 1933, Wielenga 
Escherichia (Vahlne 1945). , t .jro 

When the present study was started, the author was not ° gj 
very careful studies by Wielenga (1937) and ten Have (1943), but in P 
the fact that these works have clarified our knowdedge of mucoi 
negative rods vei’y considerably, it was decided to continue the s 'F • ’i { 
was felt that an examination of a different collection of strains 
of some value as a confirmation — or otherwise of gtrains 

Dutch workers. Another point was also kept in mind, namely tha jjgg^ses 

previously studied have mostly been collected from certain dis 
(pneumonia, ozaena or rhinoscleroma), whereas little is know'ii 
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nature of the mucoid strains that are frequently fouiul in a variety of dif- 
fei'ent diseases. 

Material The strains were isolated from routine material received in this 
laboratory in the course of a couple of years. Any strain \ 

mucoid to he classified as, or mistaken for Klebsiella, was included, icpaidlcs 
of source. The majority of strains were isolated from mild infections or froin 
diseases of non-infcctious or quostionalile origin. Only 

Klebsiella infection occurred in this period (a fatal case, of li\ci alnc,. ). 
Thus there might he reason to expect that the collection would 
members of all the three genera of Escherichcae. The very common slightly 
mucoid type of E. coli, which may he found in feces or urine, was not 

included. , , ^ 

For comparison with these strains a numher of lyiie strains of h. inieu- 
moniae K.ozacnac and K.rhinoscleromatis were made available though the 
courtesy of Drs. Marion C. Morris, New York City, professor E. P. Snijders 
and .T. W. Wolff, .Amsterdam and Martin Krisfensen. Copenhagen. My thanks 
are due to these doctors. 


Oriyiti of the xtrains. 

0/acna, simple chronic rhinitis and sinusitis 

Ozacna tracheae 

■Asthma and chronic bronchitis fsjnifum) 

Pneumonia, not caused by Klebsiella (sputum) .. 

Liver abscess 

Other diseases, not due to Klchsiclla infection .. 

Urinary infections 

Klebsiella type .strains 


l.‘l sli-ains ' 
1 » 

]() !' 

;i » 

1 » 


15 r 
12 » 


Some other mucoid strains were found not to belong in this group. .A few 
of these strains have been described elsewhere (iniS). 


Methods. 

Immune sera were produced by intravenous injections of rabbits with 
formalin-killed saline sus]iensions from agar slants, if satisfactory titers 
were not obtained, these injections were followed by a few of living antigens. 
Injections were usually given on 3 or 4 consecutive days of each week, for 
3 weeks or more. Dosage varied according to the tolerance of the animals. 
Bleedings were made 0 days after the last injection, and the serum stored 
in the cold without preservative. Slide agglutination tests were carried out 
by suspending a small quantity or organisms from a lactose agar culture 
in a drop of saline and adding scrum in proportions from 1 : 10 to 1:1 ac- 
cording to tlic titer of the serum. Tlic use of concentrated serum did not lend 
to non-specific cross-reactions. Complement fixation tests were carried out 
with twofold dilutions of inactivated immune serum, antigen suspensions 
containing about 1000 million organisms per ml and two hemolytic units 
of complement, all in 0.2 ml volumes. Incubation at 4 C for 18-^20 liours 
followed by addition of 0.4 ml 1.5% sensitized sheep erythrocytes. The tests 
were read after 15’ at 37 C and again after about 2 hours at room temperature. 
Positive reactions were found to be stable and reproducible within one tube 
above or below tlie actual liter. 


Cultural and biochemical tests. All strains were examined as to type of 
colony, mor])lioIogy of the organism.s, motility, type of growth in broth and 
for capsules (by an India ink method). The following differential media ’were 
used, fci mentation tubes with lactose, mannitol, maltose, glucose and sac- 
chaiose, peptone meat infusion broth for indol production, nitrate medium. 


28 * 
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them absorbed only a fraction of the ly])c C antibodies, ^vllcrcas the 
other seemed to absorb all tj-pe-specific antibodies (table no imis 
capsular substance, cross-reacting or identical, with the type C specific 
substance may be found in Aerobacter strains. 

As many as 30 typical strains of K. ozaenae reacted with serum 
MA 752 (type D). This is in complete agreement with the findings ol 
the Dutch authors (Goslings 1933, Wielenga 1937, ten Have 1943). It 
appears that K. ozaenae type D is by far the most frequent type of 
Klebsiella both in ozaena and in other mild infections or non-infcc- 
tious diseases such as asthma, chronic bronchitis and simple chronic 
rhinitis. It should be emphasized that all our strains of Klch.siella, 
with one exception (a type A strain from a liver abscess) were found 
in the respiratory tract. No typical Klebsiella strain was isolated from 
the urinary tract nor from feces. 

The fact that as many as 9 out of 15 strongly mucoid urinary 
strains reacted in the same serum, with a typical carhohydrate-anti- 
carbohydrate reaction, is surprising. This point will be taken up in 
the discussion. All these strains were typical strains of E. coli hy their 
cultural and biochemical reactions. 

Complement fi.xation tests. It was claimed in a i)rcvious communi- 
cation (1948) that this reaction was well suited to the study of Klch- 
siclla strains. Although this claim could be substantiated to some ex- 
tent as far as K. ozaenae is concerned, the sera jirodnccd with K. j)ncu- 
moniae were far less specific and did not show any sei)aralion between 
the different Klebsiella species (table no 3). It is found that serum 
MA 752 is fairly specific and shows only moderate cross-reactions with 
certain strains of E. coli and Aerobacter, none at all with the other 
Klebsiella species. The scrum is species-specific, however, at it reacts 
to the same titer with types D and AE. 


The immune sera against K. pneumoniae tyjjes A, B and C were 
quite non-specific, and gave ahoul equally strong reactions with all 
tjqjcs of Klebsiella and with Escherichia and .Aerobacter. It appears 
that these sera contain some grou]) specific antibody, common to all 
members of tribus Escherichcac. This is surprising since capsule-frce 
strains of the different s])ecic.s show a Iiigh degree of spccics-spccificily 
(klcbsiella) or 0-group specificity (Escherichia and possibly .Aerobac- 
ter) in the agglutinin lest. Thus, the antigens brought to light hy these 
tests must be different from those that detcrinine specics-spccificitv 
or 0-group specificity resi>eclively. In the immune sera against strains 
of E. coli (MA248 and MB 700) the reactions with the homologous 
strain were somewhat more sj^ecific, probaJ)ly due to the presence of 
0-anlibodies of high liter, hut group-sj)ecific antibodies of a similar 
nature as in the K. pneumoniae immune sera also apjiear to be pre- 
sent. Thus, although the results were disajqiointing as far as separa- 
Gon of the different species and types arc concerned. Ibev give other 
information of some interest. ' ‘ 
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Agglutination reactions with autoclaved antigens. In view of the 
fact that Vahlne (1945) got satisfactory results with the inagglutin- 
able A-strains of E. coli by using autoclaved antigens, some tests were 
made in the same direction with Klebsiella antigens, although it was 
realized that success was unlikely (thus Mikulaszek prepared sero- 
logically reactive capsular substance from autoclaved cultures 1920). 
Some results are shown in table no 4. 

Although most of the antigens became more easily agglutinable 
after autoclaving, they reacted practically only in the homologous im- 
mune sera, and only very slight signs of species-specific agglutination 
were found. The results may indicate that the capsular substance was 
reduced in quantity bj' the procedure (autoclaving at 120 C for 2 
hours), but still present in sufficient amount to determine the reac- 
tivit 3 f of the organisms. 

Cultural and biochemical properties. A study of the colony seems 
to be of some value, as it has been noted (Goslings 1933, ten Have 
1943 ) that there are some slight differences between the different sero- 
types of Klebsiella. It appears that- the nature of the capsular poly- 
saccharide to a certain degree determines the shape and appearance 
of the colony. In our collection of strains the following different types 
of colonies were found. 

I. Large, domed, semitranslucent colonies with only a moderate tendency 
to coalesce. In the resulting conglomerate colonies, the outlines of each 
constituent colony can generally be distinguished. The consistency is very 
viscous, somewhat stringy, and it is a little difficult, and takes some time, 
to prepare even saline suspensions. This type of colony was found in all 
strains of K. pneumoniae type A and in the strain of K. ozaenae type AE. 

II. Large, comparatively flat, watery or syrupy colonies with a marked 
tendency to form amoeboid figures. The colonies were greyish, semitranslu- 
cent or nearly quite translucent with an only slightly viscous consistency. 
This colony was found in all strains of K. ozaenae type D, and in the uo 
strains of K. rhinoscleromatis that were seen (it is possible that the la er 
were slightly more domed and of a slightly firmer consistency than K.ozaena 

t.ypo D)- 

III. Raised to domed, greyish white, comparatively opaque colonies, 

what smaller than the others, with a moderate tendency to coalesce an 
soft creamy consistency. This colony was found in the two ° j 

pneumoniae type B and in two different cultures of type C (FIO). 

the latter cultures however (from Amsterdam) was more viscous an < 8 
than the other (from New York). The mucoid strains of Aerobacter a so g 
with this type of colony, but 3 of the 4 strains were more wateiy an 
strongly mucoid than the others. , 

IV. The mucoid strains of E.coli that were included in the stuay ^ 

with colonies that resembled those of type I, but as a rule they w 
siderably larger, sti-ongly domed and usually semitranslucen ° 
translucent. Apart from the appearance of the colonies, m ’ . 

strains were different. The colonies of some of the sti'ains hac a ' 

like a jelly, from w'hicb small pieces could be broken off wit lou 

of stringyness. Others were viscous to the same degree as type . 
two strains (isolated from the same patient with an infena 



months) were extremely viscous ami though, strongly adherent to the agai 
surface. It was very difficult to remove a portion of a colony with a Joop. 
All colonics in this group were difficult to emulsify in saline, hut finall. 
formed even, very viscous susiiensions. /Ml these colonics tfave a very strong 
precipitin type reaction with the same immune seium (^lA -■>-). 


It should he noted that the difference lietween the colonics was 
most marked in recently isolated strains, incubated at 37 C, whereas 
in older strains and in cultures incubated at room leniiicrature the 
difference sometimes became less marked. 

The study of the other cultural and biochemical reactions did not 
yield any new information, hut confirmed the results of the Dutch 
workers. Only a summary of the results is jircsenled. 


Tabic an. •/. 

Slide agglutination tests with Oil strains of encaji.snlatcd gram-negative roils. 


Imnninc scrum 

i 

Number of 
agglutinated 
strains 

Origin of strains 

P 32 (type A) 

G-t-3- 

Fatal liver abscess, rhinitis, sinusitis (nose), 
asthm. bronchitis, sinusitis (pus)*, type A 
strains (2), type .AE strains (2)*. 

XY (type B) 

4 

Urinary infection (2)**, lyiie B strains (2). 

FIO (type C) 

G 

Urinary infection (2)**, typo C strains (2), 
rhinoscloroma type strains (2). 

M-\752 (typo D) 

31 

Sputum (astinna, bronchitis, pleurisy, bron- 
choimoumonia) (14). Nose (o/.acna, rliinitis. 
sinusitis) (S), pus from sinus (2). empj'cma, 
eye, abscess, throat, trachea (ozaena), un- 
known, type D strain. 

S57-0 (typo .AE) 3 

.Sinus. .AE type strains (2). 

S57-P (?)••• 

1 

Simi.s. 

MA2 48 (E.coli) S 

Urine (7), ulcerating sarcoma. 

.\ot typed 

4 

Sputum, urine (2). F type strain. 


*: cross-reacting type AE strains, 
cross-reacting strains of Aerohacler. 
possibly Klebsiella pauliim ferinentans (ten Have). 
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Tabic no. 3. 

Cross-absorption tests with Aerobacter strains and K. pneumoniae 

types B and C. 


Serum 

Absorbed with 

i 

Agglutination with 

1 A. B 1G9* 

1 A.B 204 1 

K. NV 

K. 

NY (tyire B) 

— 

+ + + 

+ + + 

+ + + 



A. B169 


— 

■f + + 




A. MA73 

A. B 1076 

K. FIO 

K. 

FIO (type C) 

— 

4" 4- + 

-)- + + 

+ + -J- 




A. MA73 

~ 

— 

— 



A. B1076 

+ 

— 

+ 4* 


*: A. stands for Aerobactei-. **: K. stands for Klebsiella pneumoniae. 


Table no. 3. 


Repi’esentative results of complement fixation tests with mucoid organisms. 


Antigen j 

Immune sera 

1 

Type A 

j Typo B 

Type (’. j 

Type D 

.MB TOO 
(E. coli) 

.MA 24S 
(E. coli) 

Type A 

192-f 

384+ 



48+ 

384 

Type B 

192 

384+ 

1^2— 

0 

48+ 

CO 

Type C 

192 

384 

96— 

0 

4” 

CO 

192-t 

Type D 

192 

384 

96 — 

192 

96 — ■ 

9G-f 

Type AE 

192 

768— 

96— 

96 

96+ 

384- 

MB 700 (E. coli) 

384 -f 

768— 

96+ 

48— 

1536+ 

90+ 

MA567 (E.coli) 

192 -t- 

192+ 

96— 

12+ 

384— 

192- 

MA248 (E.coli) 

192+ 

192+ 

48+ 

12+ 

384 

1530 

B 1076 (Aerob.) 

96+ 

96+ 

48 4~ 

0 

96+ 

90+ 

B 169 (Aerob.) 

96— 

384— 

48+ 

48— 

96- 

90+ 

MA 73 (Aerob.) 

96 

192+ 

48 

0 

96- 

48+ 

S57-P (?) 

192+ 

768— 


0 

48+ 

19-2- 


*; O indicates negative reaction in highest concentration of jienio- 

A -f- following the titer indicates partial fixation (more than a /o 
lysis) in the next higher dilution. A — indicates pai’tial (less than /o 


lysis at this serum dilution. . . _ Tests "ith 

Only the results with one sti’ain of each sero-type is gnen. 
other strains of the same t 3 "pes gave similar results. 





Tabh' VO. 


Agglutination losts with autoclaved aiitigons. 


j 

Scrum j I'ype A 
i I i 11 ' 

Type B 

1 1 i tt 

Type (1 

I ! h I 

Antigens 
Type D j 
1 1 !l 

Type 
' 1 

AE 

II 

S oT-P 

I 1 M 

MB 

' 1 ; 

700 

11 

Ty])e A 2.‘)r)0 4- + 

20 

0 

20 

100 


0 







. .. 







Type B 100 

2,7(10 '-r-i 

• 10 

0 

to 


0 



Tyi)c r, 10 

10 

320 -i -! -; 

0 

to 


0 



Type n 0 

0 

0 

,S0 -i 

0 


0 



Type .\E 40 

0 

n 

I2,S() 

;i20 

— 

20 



. - . - . - 

- 

. — - 

- 

- 

- 




MB 700 Q 

0 

0 

0 

■10 


0 

1230 

-r 

(E. coli) 







■ - 


S .m-P 0 

0 

0 

0 

10 


30 • 




Column I gives tlic agglutinin titers with the autoclaved antigeits. column 
II results of precipitin tests of the supernates of the autoclaved antigen (free, 
serologically active capsular substance). 


All strains produced acid from glucose, ami all hut one also from maltose 
and inannitol (the one exception seemed to he a similar organism as Klebsiella 
paulum fermentans of ten Have (Ifli.'l)). Otherwise fermentation reactions 
were variable. Slow lactose fermenters and hictosc-negative strains were, 
found in all sitecics. The behaviour of a number of strains, both of E. coli 
and K. ozaenae, on In-omtliymol blue lactose agar plates, indicated Ibal these 
strains may often be mutabilc tyites .as several strains produced acid (yellow) 
spots in the alcalinc (blue) growth, or yellow secondary colonies, which were 
sometimes raised above the the level of the non-Iennenting growth. Sub- 
culture of these .secondary colonies always yielded rapid lactose fermenters. 

Of 31 strains of K.ozaenae only b fermented lactose in ill hours, the 
others required from 2 to 10 days or remained negative after 10 days (G 
' strains). 

Out of 10 str<ains of K. imcumouiac, otic type A straiti was negative after 
10 days, another positive after 2 'days. The others fermented Ittctose within 
2i hours. 

Saccharose was fermented by 7 of 31 slrnius of K. ozaenne (usually delayed 
fermentation), and by all strains of K. pneumoniae within 21 hours. 

Gas production in glucose was variable, absent in 10 out of 31 .strains of 
K.ozanao and in one strain of K. pneumoniae lyi)e A. 

The methyl red reaction was positive in ali strains of K.oznenac and 
K. pneumoniae types .A and C, negative in one of the type B strains 

The Voges Proskauer reaction was negative in K.ozacnao and K. pneu- 
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monme type C, positive in K. pneumoniae types A and B (wlieu Use 
iNaOH reagent was used, only some of the strains simwed a slighth LS 
reaction but by use of ct-naphthol the reactions became stronglv poStS 
Only a few of the ozaena strains produced H,S in lead acetate acav 
In Koser s citrate medium only the strains of K. pneumoniae tms A ami 
I 3 and some of the strains of K, ozaenae were ahle to grow. 

Nitrates wei’e reduced by all hut 5 strains, gelatin was not iiquefied and 
no Klebsiella strains produced indol or showed motility. 

The mucoid strains of E.coli showed all the typical reactions of ibis 
species, including indol formation. Only 3 of the strains were motile. 

Finally the 4 Aerobacter strains, which cross-reacted in type B or type C 
immune serum, gave a marked H^S reaction in lead acetate agar, a posiiiw 
Voges Proskauer reaction, two of them a positive, the others a negative !)iel!!.vl 
red reaction. Tiiey were able to utilize citrates and did not produce iuM 
They were non-motile. 


Discussion. 

Typing by slide agglutination is a simple, quick and apimrenily 
•quite reliable methods and seems to give all the information ihal is 
required. Reactions are very strong and convincing. Only in certain 
instances of cross-reactivity may the results be misleading, b svith 
•cases cross-absorption tests may become necessary. 

By using a very limited number of different immune sera it was 
possible to determine the sero-type of all the mucoid strains that were 
studied, with the exception of 3, which lost their capsules before the 
■examination wms complete. These strains appeared to be strains oi 
E. coU. 

The fact that the majority of the Klebsiella strains isolated in this 
laboratory were type D strains is in good agreement with the results 
■of the Dutch workers at the Instituut voor Tropische Hygiene in Am- 
sterdam. The results show that the majority of saprophylicat or 
slightly pathogenic — Klebsiella strains found in the respiratory tract 
belong to this type, not only ozaena strains, but strains from asthma, 
chronic bronchitis, chronic I'hinitis and other diseases of the respira- 
tory tract. It is very likely that these strains mostly live in the nose, 
and that they may often only be contaminants from the nose w me 
found in sputum or other material. Only' 4 strains, isolated in 
laboratory, could he classified as K. pneumoniae, and they were a 
type A strains. It is significant that the onlyf strain from a severe m 
fection belonged to this type. It is quite clear, also, that this organism, 
although it is the most strongly pathopnic type may, not infrequen . < 

be found as a saprophyte in the respiratory tract. ^ i r a ' of 

Types B and C were not represented in our material, u 1 
some interest that the Aerobacter strains isolated 
fections gave marked cross-reactions with one or the otrer 0 
types. The differentiation between K. pneumoniae type B ana 
bacter strains of the same serological reactivity is very ci w 
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may be impossible. Tlie main reason for the differcntialion in Ihis 
case was that differences could be found bclwccn Uie polysaccharides 

of our hvo strains and that of type H. 

Of the remaining sero-lypes, only ten Have’s type Ab. was repre- 
sented in this material, but no strains belonged to the types E or F. 

Finally one strain biochemically and culturally seemed to coiie- 
spond to ten Have’s Klebsiella paulum fermentans, the relationship 
of which to the other Klebsiella species is so far unknown. No ly])c 
strains were available for comjiarison. 

The results of the studies reported in this paper are in full agree- 
ment with the results of Goslings (1933). Goslings and Snijdcrs (193.9), 
Wiclenga (1937) and ten Have (1943), at least as far as capsular types 
and cultural and biochemical properties are concerned. It seems that 
there is every reason to suiiport the ojiinion of these workers that 
Klebsiella can be divided into 3 distinct sjiecics. K. pneumoniae. K. 
ozacnae and K. rhinosclcromatis. It usually ajijiears to be easy to di- 
stinguish hetween these species and between them and other related 
organisms, with the cxceiition of the differentiation between K. jmeu- 
moniae type 11 and Acrobacter. 

The results reported here seem to justif.v the statement that K. 
ozacnae t.v])c D, the most common Klebsiella type in the resjiiratory 
tract, has a very low pathogenicity, if an.v. Thus onl.v one of our strains 
of K. ozacnae was isolated under circumstances which su.ggcstcd its 
liathogcnic importance, namely from the inside of a maxillar.v sinus. 
This strain, however, proved to he the only representative of sero- 
type AE. and the sinus at the same time contained a pneumococcus and 
the strain thou.ght to he K. iiauluin fermentans. so even the pathogenic 
role of this strain is questionable. All the others were isolated from 
cases where the pathogenic role of the organism seemed very question- 
able. This leads to the conclusion that the isolation of this, most com- 
mon type of Klebsiella from jiathological material usually has very 
slight significance as far as the causation of infections is concerned. 
The iiossibility remains, however, that these organisms may do some 
harm e. g. by causing hypersensitivity in the patient. .Such cases have 
been reported (e. g. Henriksen 1937). 


There seems to be little reason to discuss the properties of the 
Klebsiella species and tjqics in further detail in this iiapcr. as such 
discussions have been published already by Goslings (1933). Wielcnga 
(1937) and ten Have (1943). All these authors studied much larger 
collections of strains than our’s. As the conclusions of these Dutch 
workers do not seem to have received official recognition (vide Rer- 

gey’s Manual 1948), these questions will be dealt with in more detail 
m a subsequent paper. 


It was .something of a surprise that all the strongly mucoid urinarv 
Mrains of E. coh. that could be typed at all. showed strong reactions 
m the same immune serum. The results obtained by various authors. 
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quoted in the introduction, suggests a great heterogeneity of the c.li 
group with respect to capsular antigens. It is possible that this verv 
strongly mucoid type of colony may be characteristic of some specia'l 
K-tjqie (our strains have not been tested in any of the known K W 
sera). It is also possible that this mucoid form may not be entirely 
analogous with the so-called capsular form, first described by Kaiiff- 
mann, and later studied extensively by Vahine (1945) and others. It 
should be mentioned that Kauffmann (1943) states that all mucoid 
strains were excluded from his material. It has not been shown that 
all our mucoid strains of E. coli had an identical capsular polysac- 
charide .It is possible that it may have been a question of cross-reac- 
tions only', but at least they have some common antigenic factor. 
Further studies of these strains are in progress. So far it has been 
difficult to produce good immune sera against these capsular antigens, 
and only one of a number of rabbits produced a really satisfactory 
serum. Tests with some other, very weak sera seemed to give similar, 
although not equally convincing results. It may be mentioned here 
that studies of 0-antigens of these strains has shown that they belong 
to different 0-groups (only two strain isolated from different patients 
had the same 0-antigen). Thus there is no question of repeated iso- 
lation to the same, possibly particularly pathogenic, organism from 
all these patients. 


Summary. 

By slide agglutination 48 out of 51 strains of encapsulated gram- 
negative rods from pathological material could be referred to one of 
7 sero-types. The slide agglutination seemed to give entirely type- 
specific reactions. 36 strains, all but one (a case of liver abscess) iso- 
lated from the respiratory tract, were classified as Klebsiella. < 
strains were K. ozaenae type D, one type AE and 4 K. pneumoniae 
type A. One strain might possibly be K. paulum fermentans ( ca 
Have). 

K. ozaenae, in particular type D, seems to have a very' shgi pa 

thogenic significance. • \ S 

Of 12 strains from other sources (mostly urinary infections . < 
strongly' mucoid strains of E. coli reacted strongly in the same uu 
mune serum, and seemed to have related or identical capsu ar .su 
stances. Of 4 strains of Aerobacter 2 gave very' strong cross-reac m 
with K. pneumoniae type B and 2 with ty'pe C. 

Separation of the different species or types by complemen 
appeared to be impossible. Sera against K. ozaenae 
give species-specific reactions with K. ozaenae, sera agams \ 
moniae gave unspecific group-reactions with Klebsiel a, 
and Escherichia, whereas E. coli immune sera gave strong re* 
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with strains of the same 0-group, and weaker group-reactions with 
other organisms. 

Autoclaved Klebsiella antigens remain type-specific, hut become 
more easily' agglutinable. 

Studies of cultural and biochemical properties of the Klebsiella 
strains gave results which agree comjiletely with those published from 
the Instituut voor Tropische Hygiene in Amsterdam. 
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The taxonomy and olassitication of eneapsulated 
rods belonging to genus Klebsiella seem to « 

mimprous careful and extensive studies. Some authors ha\e 

tramese organisms are nothtaS ^ 

Other members of the tribe Eschericheae. Accord 
thought a separate Klebsiella genus v^ould hardb be iustin 

^^^Others claim that it is practicable and 

Klebsiella and other genera, and even ^ e ^vorked with 

species of Klebsiella. The majority of opinion, 

these organisms within the last 20 latest editions of 

The treatment of the genus Klebsiella 

Bergey’s Manual of Determinative Bactenolo^ ^ 

the uncertain status of the genus. e down the number to a 

ferent species, the 6th edition 

single species and reduces the rest to ttie ra t 

It is true that some of the species questionable va- 

sulata, K. paralytica, K. granulomatis) were o ^ 9 

lidity, and possibly only represented one of h .^^^^^ication of 
different names. At least no reliable cri ^ _„„„t;nns of vori 


different names. At least no hgmical reactions of very 

these species were available apart r simplification was clear > 

limited value. Thus a certain however, - 


limited value. Thus a certain degree ‘ l^^wever, a very^ 

justified. With respect to the three ^ through a series o 

considerable knorvledge of such -a 


onsiderable knou-ledge “ ,““tincatiou of such a ra« 

itudies, and one may question . J The reduction of the g( 
:hange as in the 6th edition of the consequences for bj 

o a single species seems to have to he ol h.»h.l 

dentification key, which, m its prese 
isefulness in practical diagnostic w'or . 



Any one who attempts to use this key in the identification of a 
strain of encapsulated gram-negative rods will find that it gives no 
clue as to how to distinguish hetween strains of Klebsiella and mucoid 
strains of Escherichia or Aerobacter. As a matter of fact the list of 
characteristics of K. pneumoniae is a practically complete list of the 
properties of the two other genera of the tribe. A few quotations are 
given to prove this statement: 

»Litmus milk variable. Indole variable, usually not formed. Fei- 
mentation of carbohydrates highly variable. Acetylmethylcarbinol 
production variable. Methj’l red test variable. Utilization of citrate as 
a sole source of carbon variable. Habitat : associated with infections of 
the respiratory, intestinal and genito-urinary tracts of man. Encoun- 
tered in infections of animals and may he isolated from a wide variety 
of sources. « 

Finally, the fundamental works of Julianelle are only mentioned in 
a foot note, and no mention at all is found of the many very careful 
studies which have originated in the Institut voor Tropische Hygiene 
in Amsterdam. If the quotations given above represented the sum of 
our knowledge of these organisms, it is somewhat difficult to see how 
this genus could he valid at all. 

A survey of the literature of the last 20 years (and some personal 
experience with these organisms) have convinced the author that it is 
possible to arrive at a better system of classifying this genus and its 
species. The present key places the main emphasis on cultural and bio- 
chemical properties, which are of secondary importance in classifica- 
tion, and it pays only slight attention to characteristics which, in the 
opinion of experienced workers, are of essential value, viz. habitat, 
pathogenic properties and antigenic structure. 

The earlier works on these organisms, although containing valuable 
information, are of limited value to this discussion, partly because 
many early workers only studied a very limited number of strains, 
partly because they had no reliable means of classification. A perusal 
of some of these early works makes it obvious that the identity of 
many strains may have been questionable, and tbat mucoid strains of 
Escherichia or Aerobacter may have been included in some collections. 
It was not realized fully in the early days that manj' gram-negative 
rods may appear in the mucoid phase, nor that mucoid strains of e. g. 
E. coli are quite common. 


I. Antigenic structure. 

A. Capsular antigens. The demonstration by Julianelle (1926, 1930) 
of specific sero-types within a collection of strains mainly isolated 
rom pneumonia and other severe infections, established the fact that 
these organisms could he divided into the tjqies A, B and C and a he- 
terogeneous group X. Such convincing evidence in support of this was. 
brought forward by Julianelle hiriiself and by Heidelberger, Goebel 
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^^927), that there could be 
little doubt about the validity of the results. The results have further 

more, been confirmed by Goslings (1933), Goslings and’sniiders 
(1936), Prasek and Prica (1933), Wielenga (1937), Kurylowicz (1938) 
ten Have (1943) and the author (1949). A few workers such as Elberl 
and Gerkess (1929) and Prica (1930) expressed differences of opinion 
with Julianelle, but on insufficient grounds as they had not then em- 
ployed Julianelle’s methods. Prica later changed Ms opinion. 

Goslings (1933) and Goslings and Snijders (1936) showed that a 
large number of rhinoscleroma strains all belonged to a single sero- 
type, the capsular polysaccharide of which was serologically indistin- 
guishable from that of julianelle’s type C, hut might possibly be di- 
stinguished from it by phage typing. Similar results were obtained by 
Prasek and Prica (1933), Morris and Julianelle (1934), Wielenga 
(1937), Kurylowicz (1938) and ten Have (1943). Kurylowicz con- 
firmed the observation that certain phage strains had a different ac- 
tion on K. pneumoniae type C and K. rhinoscleromatis. On the other 
hand M. L. Rakieten, Eggerth and T. L. Rakielen (1940) isolated phage 
strains which w'ere equally active against both organisms. According 
to ten Have 128 strains of K. rhinoscleromatis were all serologically 


identical. 

Typing of ozaena strains was carried out successfully by Goslings 
(1933) and Goslings and Snijders (1936). The results were confirmed 
by Julianelle (1935), and by Wielenga (1937) and ten Have (1943), 
who found new types that were not represented in Goslings’ material. 
So far the types D, E, F, AE and C have been established among ozaena 
strains. The. type AE had partial antigens in common with both types 
A and E, and type C has, so far, only been found among strains from 
the East Indies. Only occasional strains could not be typed (two out o 
330 strains). Type D was by far the most common. The latter result 
was confirmed by the author in a collection of strains isolated in or 
way (1949). The author has found no single paper that throws any 

doubt on these results. i r ii v 

Consequently it may he safe to consider it as a fact that t le o m 

ing sero-types exist among Klebsiella strain; ^ j- u 

In K. pneumoniae A, B and C, in K. rhinoscleromatis C an m 
ozaenae D, E, F, AE and C. The actual nature of the X strains ol Ju •- 
nelle is partly unknown. Some w'ere found to belong to K. pneumo • 
by study' of the somatic antigens. Others may possibly ^ 
strains of K. ozaenae. Ten Have (1943) xvas able to type a 
strains of K. pneumoniae at his disposal, and found no X s rams. ^ 

B. Somatic antigens. Julianelle {1926 b) show'ed that 
strains of K. pneumoniae had a common somatic antigen, 

• original type. Goslings (1933) and Goslings and Snijders ( ..pigro- 
ed that each of the species K. pneumoniae, ozaenae an 
inatis had a separate species-specific antigen. These an igens 



marked cross-vencUons with those of the other species and of Aero- 
hactcr. hut could he shown to have spccics-speeific eomiuments hy the 
aaalulinin titers and I)y absorption. Similar results were obtained by 
ICliicrland Gerkess (11)29), Kurylowicz (lillhS), Priea (lllHO). Ten Have 
(1^)43) finally presented results of cxainiualion of a large nuinl)ci of 
strains, and confirmed these results. In K. ozacnae. he fouml that oc- 
casional capsulc-frcc strains were less specific lhan the majority, and 
gave very strong cross-reactions witii K. rhinoscleroinatis, liut he had 
no difficulties in the identification of such strains. 


Although the results of studies of somatic antigens arc less clear- 
cut than of capsular antigens, they appear to the author to be convinc- 
ing at least as convincing as much other evidence whicii is used in 

the classification of hacteria. Although it may not be absolutely ne- 
cessary to utilize these results in the classification, they arc un<]uest- 
ionably of great imiiortance in a few rare cases. 


II. Ilnbilni. 

It is evident that all Klebsiella types, which have been projicrly 
studied and identified, with the exception of K. jmeuinoniac type B. 
practically exclusively occur in the respiratory tract. Exceptions to 
this rule have only been reported occasionally. 

K. pneumoniae is first and foremost a specific cause of pneumonia 
in man, but there arc certain differences between the three tyjies. 

Type A. Of 42 strains studied by .lulianelle (lOlIO) 40 were isolated 
from man, 38 from cases of pneumonia, 1 from a liver abscess and a 
were saprophytes in the respiratory tract. Only 1 strain was isolated 
from urine, and hvo in absce.sses in guinea ])igs. Of ten Have's (1018) 
11 strains 0 were isolated from cases of j)ncumonia, 4 from the nose 
and 1 from peritonitis. The author (1019) isolated 1 strain from a ease 
of liver abscess and 8 from nose or s]mlum in chronic, diseases. The 
author has been unable to find a report of the isolation of ibis orga- 
nism from any other source than man or animals. 

Ty])c B. 7 of .Tulianclle’s 12 strains were isolated from infections in 
animals. The rest were found in tuunan pneumonia (2), throat, liver 
abscess and feces. Edwards (1928) also found this organism in infec- 
tions in animals. Finally ten Have isolated bis 11 strains from inil- 
monary disease (2), pneumonia in a guinea pig, throat (2). pleura, 
osteomyclilis. peritonitis, urine and feces. 


type C is less common. Julianelle found 8 str.ains in human pneu- 
nmnia. and one e.ach in a sinus and a nose. Ten Have found 2 strains 
in pneumonia and 9 in the nose in ozaena. Thus this organism has not. 
api)arcnlly, been found outside the respiratory tract of man. 

K. ozaena. The different types are found in the same jilaccs. ’I'he 
overwhelming majority of strains arc found in ozaena. Other strains 
have been found in the sputum in chronic bronchial diseases in throat 
eyes, and occasionally in sinusitis. Only very few strains have been 
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found outside the respiratory tract. The majority of strains ^verc 
found m cases of chronic diseases, and very few, if any, have been 
shown to be the cause of severe acute infection. 


This has been shown very clearly by ten Have. The author (I 949 ) 
found that a number of strains behaved as stated by ten Have. 

K. rhinoscleromatis. There is no report, as far as the author knows, 
of the isolation of this organism in any other cases then rhinoscleroma 
patients or contacts. In rhinoscleroma it is found practically con- 
stantly. 


By comparing the serological properties and habitat of these micro- 
bes, there can be little doubt that they behave as biological entities. 
This is further strengthened by the pathogenic properties. 


III. Pathogeniciiij. 

K. pneumoniae is a fairly important and dangerous pathogen. 
Types A and C are particularly pathogenic to man, especially tjpe A, 
which is the most common cause of Friedlander pneumonia. Tj'pc B 
is, perhaps, more frequently pathogenic to animals, but it also causes 
diseases — ■ not quite strictly limited to the respiratory tract — in man. 
Types A and B are highly virulent to mice, type C non-pathogenic. 
K. ozaenae seems to be a comparatively harmless saprophyte (unless 
it actually causes ozaena) and is practically never found as the cause 
of serious disease in man or animals. Its virulence for mice is low or 
it is non-pathogenic (Julianelle 1935). 

K. rhinoscleromatis probably causes rhinoscleroma, and no other 
disease. It is non-pathogenic to mice. (Morris and Julianelle lOSt). 

These properties, then, form the base of the classification of these 
organisms. Also cultural and biochemical characteristics may be of 
value, and may be utilized as means of identification, but in some 
cases the results are inconclusive. Still a list of the characteristics 0 
each separate species clearly brings out the differences between them. 

IV. Morphological and cultural characteristics. 

There is little to add to the classical descriptions. Only one pom 
should be mentioned, viz. the appearance of the colonies. 

To the experienced worker a difference between tbe colonies 0 0 

different species usually is of some value, as pointed out by Gos mgs 
(1935) and ten Have (1943). The author has had the same cxpenenc 
(1949). K. ozaenae types D, and F and K. rhinoscleromatis grow 0 ^ 
agar plates with flat, watery, confluent colonies of a thin syrupy, mo^^ 
or less ropy consistency, and are fairly translucent, slightly 
K. pneumoniae and K. ozaenae types E and AE grow in dome , 
paratively firm usually very viscous colonies. (In the 
the author the strains of types B and C were more opaque, ir J ' 
and of a soft butyrous consistency, whereas type A was more 
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parent and more viscous, but as only two strains each of types B and 
C we studied, this point needs confirmation). All authors are un- 
animous that genuine Klebsiella strains are non-motile and encap- 
sulated. 


V. Biochemical reactions. 

A. Properties common to all Ivlebsiellae. 

Gelatin never liquefied. Coagulated serum never liquefied. Indol 
reaction always negative (it is donbted that any authentic strain has 
been described which formed indol). Nitrates are reduced to nitrites 
by most strains (Goslings (1935) found a few exceptions in all groups). 

B. Properties of differential value. 

K. pneumoniae. Most strains ferment glucose, maltose, mannitol, 
lactose and sucrose with production of gas. Some strains are late lac- 
tose-fermenters or do not ferment it. Some strains fail to produce gas. 
(Julianelle 1930, Goslings 1935, ten Have 1943, Henriksen 1949). 
Amygdalin is fermented. Milk usually coagulated (sometimes onl 3 ' 
after boiling (ten Have)). Litmus is reduced in 1 % glucose Vz % agar 
medium. H„S is not produced in cj-stine broth (Goslings 1935). Bile 
does not inhibit growth. 

T 3 'pe A. Appears to give a positive Voges-Proskauer reaction if a 
sufficiently sensitive method is used (ten Have 1943). Meth 3 d red reac- 
tion variable (ten Have 1943, Henriksen 1949). Dulcitol is not fer- 
mented. Growth in Koser’s citrate medium is weak or fails. Litmus is 
reduced in 1 % glucose V 2 % agar medium (ten Have 1943). 

Type B. Gives positive Voges-Proskauer reaction if sensitive method 
is used. Meth34 red reaction variable. Dulcitol is not fermented. Good 
growth in Koser’s citrate medium. Litmus is reduced. 

T 3 'pe C. Voges-Proskauer reaction negative. Meth34 red test positive. 
Dulcitol is fermented. Good growth in Koser’s citrate medium. Litmus 
reduced b 3 ' some strains. 

K. ozaenae. All strains ferment glucose, maltose and mannitol. 
Most strains are late lactose-fermenters, and some do not ferment 
lactose. Saccharose is fermented by some strains, not by others, and 
in many cases onl 5 ' after 2 to 14 da 3 's. Man 3 ^ strains produce onl 3 ' traces 
of gas or none at all. 

Am 3 'gdalin is fermented by some strains. Milk coagulated by some 
strains. Litmus is not reduced in 1 % glucose !% agar medium. H„S 
is produced, in C 3 'stine broth by some of the strains. Bile inhibits the 
growth of some of the strains. Some strains are able to utilize citrate 
as sole source of carbon. Voges-Proskauer reaction always negative, 

methyl red test always positive (sometimes weak). Dulcitol not fer- 
mented. 


Iv. rhmoscleromatis. This species has much more uniform bio- 
ciemical reactions than either of the other species. (Goslings 1933 
Pnca 1930, Elbert 1929 b, Morris and Julianelle 1935, Wielenga I 937 ’ 
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ten Have 1943). Glucose, mannitol and maltose fermented bv al! 
strains. Saccharose always fermented, but often only after 3 'to 7 
days. Lactose is never fermented within 4 days. After 7 to 14 days most 
strains produce acid (Goslings 1935). Gas is never produced, amyg- 
dalin not fermented, milk not coagulated, litmus not reduced and H S 
not produced in cystine broth. Bile inhibits growth. AcetylmethylcaV 
binol is not produced. The methyl red reaction is positive. Dulcitol is 
not fermented. No strain is able to utilize citrates as sole source of 
carbon. 

It may seem as if these biochemical reactions are too variable to 
be used in the identification, but actually it is possible to arrive at a 
diagnosis, on this basis only, in the majority of cases. 

K. pneumoniae is distinguished from K. ozaenae and K. rhinos- 
cleromatis by the positive Voges-Proskauer reaction (types A and B), 
or the fermentation of dulcitol (type C). K. ozaenae can practically 
alwaj’^s be distinguished from K. rhinoscleromatis by one or more of 
the following reactions: fermentation of lactose within 4 days, fer- 
mentation of saccharose, gas production, ability to grow in bile, ability 
to utilize citrate as sole source of carbon. Ten Have (1943) found tbat 
only two strains of K. ozaenae out of 330 agreed with K. rhinosclero- 
matis on all these points, and consequently had to be identified by 
serological means. Even the 3 types of K. pneumoniae can usually be 
distinguished from each other comparatively easily by the following 
tests: Growth in citrate medium (type A negative or slightly positive, 
types B and C positive) , fermentation of dulcitol ( A and B negative, C 
positive) and the Voges-Proskauer reaction (A and B positive, C nc,ga- 

tive). ... -I 

The greatest problem in identification apparently is to distingius i 
between K. pneumoniae type B and Aerobacter aerogenes, as these spc 
cies appear to be closely related. 

Other species of Klebsiella. 

A number of other »species« of Klebsiella have been descri ct , 
mostly in older literature. There is good reason to believe tha 
of these actually are the same as one or the other of the 3 species u 
have been described above. Thus ten Have (1943) identifie f ® 
of B. mucosus Fasching as K. pneumoniae type B, and a s ram o 
mucosum Howard as Aerobacter aerogenes. 

With respect to some such species, there is a possibility la 
might be separate species (K. granulomatis, K. paralytica 
available evidence is insufficient, and it is consequently no 
to create separate species for these organisms. Finally i s “ ^ 

mentioned that ten Have (1943) described a new species, 
fermentans, mostly characterized by lack of biochemica 
Some strains fermented glucose with acid production, w ie^'^a 
fermented no carbohydrate. The strains could be divi e 
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serotypes I and II. There was no correlation l)etween sero-type and 
ability to ferment glucose. The relationship of these strains to the 
other Klebsiella species is not yet clear, as no capsule-free mutants 
could he isolated. The author has only seen one strain that might fit 
the description, and therefore does not want to express an opinion 
as to whether this should he recognized as a new species. 

Suggestions for a new keij to the genus Klebsiella. 

It is helieved that Habitat, pathogenic properties and antigenic 
structure should form the basis of classification. 

A revised description of the genus, and key to the identification of 
the species is suggested below: 

Genus 111 Klebsiella Trevisan. 

Short, often plump rods with rounded ends, occurring singly or in 
pairs. Encapsulated. Non-inotile. Do not liquefy gelatin or coagulated 
serum. Usually reduce nitrates to nitrites. Do not form indol. Aerobic 
and facultative anaerobic, growing well on ordinary culture media. 
Encountered principally in the respiratory traet of man. 

Keg to the species of genus Klebsiella. 

I. Associated with pneumonia and other acute inflammations of 
the respiratory tract or with acute infections in animals. Capsule-free 
strains possess species-specific antigen. 

1. Klebsiella pneumoniae: 

a. T 3 'pe-specific polj’saccharidc A. 

1 a. Klebsiella pneximoniae tj'])c A. 

b. Type specific polysaccharide B. 

1 b. Klebsiella pneumoniae type B. 

c. Type-specific polj'saccharide C. 

1 c. Klebsiella pneumoniae tj'pe C. 

II. Found in ozaena and in other chronic diseases of the respira- 
torj' tract, probablj' mostB' saprophj’tical. Capsule-free strains possess 
species-specific antigen. 

2. Klebsiella ozaenae. 

d. Type-specific polj^saccharidc D. 

2 a. Klebsiella ozaenae tj'pc D. 

e. Tj'pe-specific polj'saccharide E. 

2 b. Klebsiella ozaenae tj'pe E. 

f. Tjqie-specific polj'saccharide F. 

2 c. Klebsiella ozaenae tj’pc F. 

g. Type-specific polysaccharide AE. 

2 d. Klebsiella ozaenae tj'pe AE. 

h. Type-specific polysaccharide C. 

2 e. Klebsiella ozaenae tj'pe C. 

III. Associated with rhinoscleroina. Exclusively found in patients 
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suffering from this disease or their contacts. Capsule-free 
sess species-specific antigen. All encapsulated strains ha^ 
tjTG-specific polysaccharide (C’). 


forms j)os- 
'c the .same 


3. Klebsiella rlnnoscleromatis. 

This key would then be followed by the description of the species 
and of the types in cases where the types have different pro])erlics 
(K. pneumoniae). There is no need to repeat here the characteristics 
which have already been summarized. Other reactions may, if desir- 
able be found in the literature, particularly in the works by Gosling’s 
(1933), Wielenga (1937) and ten Have (1943). 

Finally, species of uncertain validity might, as usual, be mentioned 
in foot notes, viz. K. paulum fermentans, K. granulomatis and K, para- 
lytica. It would do no harm, probably, to leave out all mention of all 
the other specific names from the old Hteratuve, which have a hi- 
storical interest onfy. 


Siimmaiv- 

On the basis of the literature of the last 20 years and on personal 
experience, the author finds the treatment of genus Klebsiella in the 
latest edition of Bergeys Manual unsatisfactory. It is suggested that 
more attention should be paid to the contributions to our knowledge 
about this genus, which have been presented from the Instituut voor 
Tropische Hygiene in Amsterdam. A nevv description of the genus 
and a key to its species is suggested. The species K. pneumoniae (with 
the types A, B and C), K. ozaenae (types D, E, F, AE and C) and K. 
rhinoscleromatis (type C’) should be recognized. Habitat, pathogenic 
properties and antigenic structure are the most reliable and usefn 
criteria in classification. 
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THE EFFECT OF SOME SPLITPRODUCTS OF 2,3’- 
AZOTOLUENE ON THE URINARY BLADDER IN THE 
RAT AND THEIR EXCRETION ON VARIOUS DIETS") 

By U. Elnnrni niul J. P. Striimbcch. 

(Received for i^ulilication January 10th, lOiO.) 

Since Olsnka and Nagno in 193G reported that tlicy liad induced 
tumours in the bladder of rats by pcr-oral administration of 2, 3’ azo- 
toluene (AT) relatively few investigators have employed Ibis azocom- 
pound. Instead, a comprehensive literature has grown up dealing with 
the azo-compound group, which produces tumours in the liver such 
as o-aininoazotoluene and p-dimethylamino-azohcnzene (butter yel- 
low). 

Law (1941) gave subcutaneous injections to mice of altogether 
u mg. AT during the first two months and later implanted a f) mg. 
pellet, when the animals were four months old. s>No tumours involving 
the urinary bladder were observed l)ut fibrosarcomas were induced 
following injection of 10 mg. of the dye in 5 of 20 micc«. Kirhij (1945) 
mentions that Seligmann and Shear gave A4' subcutaneously to mice 
without obtaining changes hut that the finding of Otsiika and Nagao 
has been confirmed by Cook (personal communication). 

Strombeck (22) 1943 — 44 obtained hyperkeratosis and papilloma- 
tosis in 7 of 20 fats on a diet of rice flour, containing 20 — 30 mg. Al' 
in the quantity of food consumed daily (ca. 10 g.). Previous experi- 
ments 1941—42 had been negative; 37 rats of the same stock were fed 

on a saticfactory diet — Hammarsten’s diet 21 1 (1937) (casein, rice, 

flour, sugar, arachis oil, cod-liver oil, yeast, wheat sprouts and salt 
mixture), and received 20 mg. AT as a 20 % solution in almond oil 
pipetted well down in the pharynx. 

Strombeck (22) 1943—44 implanted a segment of the bladder into 
the liver and then administered the azotoluene. While tumours deve- 

ot ) made possible by financial support from the 

State Mochcal Research Council. m i i num me 
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loped in the bladder stump, the transplant in the liver rmainetl nor- 
ma!, indicating thereby that the carcinogenic agent is contained in iho 
urme, Hmper .1947 states that these experiments on rats seem to Jj-ne 
settled the long controversy, whether the carcinogenic substances elicit 
the neoplastic responses by direct contact with the mucosa as urinarv 
constituent or by the hematogenous way. 

It thus seems natural to suppose tliat azotoluene or some of its 
metabolic products are to be found in the urine and from there act 
• directly on the vesical epithelium. Preliminary experiments by Bkman 
and Strdmbeck (see Stromheck 21, 22) demonstrated that epithelial 
■changes could be obtained by feeding rats on o- or m-toluicline in rice- 
diet. Analyses showed that azotoluene only occurs in small amounts in 
the urine. 

It has been demonstrated that several azo-compounds are split in . 
the azolink by the influence of yeast in vitro, (19) and that a cor- 
responding splitting occurs in rats, when fed butter yellow Siemson 
■ et al. (1942) or azobenzene Bison and Warren (1944). They conki all 
undergo a benzidine type of rearrangement as assumed by Elson and 
Warren for azobenzene, the simplest member of the azo-group. 

Thus it may be assumed from the theoretical viewpoint that AT 
is metabolized in the rat’s organism to one or some of the following 
-substances (Fig. 1). 

0 - or m-toluidine 
2,3-methyI-benzidine 

Demethylation of these can possibly give rise to 

aniline 

benzidine 

Oxidation processes among others may give 
0 - or m-aminobenzoic acid 
4-ammo-o-cresoi or 4-amino-m-cresol 

Acetylation and coupling reactions seem widely to occur tn 
the aminogroup. 

Ekman and Strdmbeck (3) were able to show from these conn 
pounds in the urine of rats fed on azotoluene both aminocreso anr 
m-amino-benzoic acid. It must, therefore, be supposed that to ui 
also are formed in the organism. 

I. Azoioluene and metatohiidine metabolism with oarijing diet. 

In previous investigations [Ekman-Strombeck 4) it 
monstrated that the transition from the tuniour-protechyc - ' 
according to Hammarsten (1937) to the tumorigenic rice le ^ 
in changes in the metabolism of azotoluene. Thus rats fed on i 
diet excreted greater quantities of oxidized decomposition pro 
azotoluene (aminobenzoic acid and aminocreso!) .„j.g ex- 

the tumorigenic diet, where increased amounts of toUuchne 
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crcled. As far as we are aware this is Ihe first lime lluil it lias been 
deiiionslraled, that the excretion in the urine of the split products 
of a carcinogenic compound is influenced by dietary changes, which 
at the same time arc of importance for the tumour frequency. Pre- 
liminary experiments pointed to rihoflavinc and casein being of im- 
portance. The results were connected with the simultaneous ap- 
pearance of variations in the ascorbic acid .synthesis, and in a later 
paper (Elanan-Strombcck 5) it could be clearly shown that admini- 
stration of both rihoflavinc and casein were required for a normal 
ascorbic acid sjmthcsis in rats. Administration of casein alone did not 
change the ascorbic acid s.vnthcsis. but on the other hand the effect 
of rihoflavinc could not be produced witbout a simultaneous admini- 
stration of casein. On ascorbic acid being given the excretion of m- 
aminobcnzoic acid was increased in the same manner as on the ad- 
ministration of rihoflavinc (and casein). The experiments now put 
forward are intended to provide a continued study of the azotoluene 
metabolism against the background of the investigations iircviously 
referred to. 

At first an investigation was made of the urinary output resulting 
from the administration of azotoluene in the doses which have given 
tumours of the bladder (30 mg. daily in oil solution by mouth). 

Two groups of rats, I and II. each one comprising six animals, were 
placed on a basic diet consisting of 88 % vitamin-free wheat starch. 
6 % peanut oil and 6 % salt mixture, to which an addition was made 
of 3 mg. aneurin and 200 mg. niacin per kg. of diet together with ca. 
1 g. yeast per day. Thus the diet did not contain casein. After a few 
days the yeast w'as withdrawn from the diet in Group I. Fionrea 2 — ^ 
show' the excretion of ascorbic acid, m-aminobcnzoic acid and ainino- 
cresol in both groups. Concerning determination of ascorbic acid, sec 
Ekman (1). m-aminobenzoic acid and aminocrcsol were determined 
according to Ekman (2). As appears in figure 2 the excretion of as- 
corbic acid in Group II rises to 2 — 4 mg. jier day. .-\ftcr 66 days this 
groiq) also receives up to 22 % casein, which, however, docs not result 
in any further increase of ascorbic acid excretion. Aminocrcsol and 
m-aminobenzoic acid likewise show (figure 3 and 4) an increased 
excretion in group II. For both these substances, however, the admini- 
stration of casein results in an increase of the excretion, which is very 
pronounced in the case of aminocrc.sol, but less so in the case of m- 
aminohenzoic acid. 

The excretion of ascorbic acid in group I decreases after the yeast 
has been excluded from the diet, falling from the initial value of 2 mg., 
at the moment when the yeast is administered, to a value of ca. 0.2;') 
mg. Thus the animals now only obtain niacin and aneurin with the 
basic diet. The excretion remains at this level even when the niacin 
is first withdrawn from the diet and later added again. A rise in' the 
excretion of ascorbic acid to O..')— 0.6 mg., thus roughlv the double is 
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obtained when ca. 100 gamma riboflavine is given per day If casein 
•be also added, the values rise to 1-1 1/2 mg., and after the administn 
tion of yeast the values will rise to 2—3 mg. 

The excretion curves for aminobenzoic acid and aminocresol are 
considerably more uneven, but on the whole show a good parallelism 
with the ascorbic acid curve. As regards both these substances a de- 
crease is also obtained, when the yeast is excluded from the diet and 
a low excretion on only aneurin and niacin being administered: ca. 
1 mg. aminocresol and 0.75 mg. m-aminobenzoic acid every day. Ad- 
ministration of riboflavine gives no effect, or an uncertain one, where- 
as casein + riboflavine increase the excretion of aminocresol to 2—5 
mg. and m-aminobenzoic acid to ca. 1% mg. daily. 

The addition of riboflavine is now withdrawn from group II, rvhich 
thus receives aneurin, niacin and casein added to the basic diet. A 
sharp fall in the excretion of ascorbic acid and aminocresol is notice- 
able. The fall in m-aminobenzoic acid is also perfectly clear hut not 
as fully pronounced. 

Yeast is given to group I, which accordingly receives aneurin, ribo- 
flavine, niacin, casein and yeast. This results in increased excretion 
of ascorbic acid, but scarcely any further increase in aminocresol or 
m-aminobenzoic acid excretion. 

A statistical control of the figures shows that for all substances and 
also for aminocresol, in which the daily values vary most from one 
day to another, there occurs a significant difference between the ex- 
cretion values of the two groups both for the experimental period of 
the test days 9 — 65 as well as 66 — 100. • 

Figures 5 and 6 show a corresponding experiment, which was car- 
ried out xvith administration of m-toluidine instead of azotoluene. The 
setting up of this experiment is somewhat different but here also the 
object has been to demonstrate the effect partly of a simultaneous a( 
ministration of riboflaxune and casein, partly of either of these a 1 
tions. The results in this experiment are the same as in the prece ing 
one. If the test animals receh’e as addition to the hasic diet on j ri lo 
flax’ine a lesser increase is obtained in the excretion of all t 
stances examined, namely ascorbic acid and the oxidation pro i 
aminobenzoic acid and aminocresol. If the test animals, on m 0 
hand, receh^e both riboflaxdne and casein, a more pronounce mere 
in the excretion is obtained. ... 

Both at the administration of azotoluene as well as ni - 0 ^ 

ditions of adermin and pantothenic acid were also given, i 0 ® .^^^1 

the excretion of the substances examined could, however, e 


II. The appearance of bladder tumours on feeding split pro 
azotoluene. 

As briefly reported (21, 22) o- and m-toluidine xn ere ea 
in 1945 to 12 rats on rice diet. The dose initially consis e ° ^ . pj] 

azotoluene dose (2 g. of a 7.5 % solution of toluidine m p 
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Avere mixed with 98 g. rice flour), but had to be reduced after 6t dws 
to half the size on account of weak general condition of the animals 
All the time the animals received about 10 g. of carrot a week The 
average weight in the o-toluidine series decreased from an initial 76 c. 
to 73 g., and in the m-toluidine series from 79 g. to 70 g. The surviviji 
period in the o-toluidine series was 91 days, in the m-toluidinc series 
95 days. Epithelial changes with keratosis, metaplasia and, in a inm!- 
ber of cases, a tendency to incipient papillomatosis were found in 3 
■of the 10 bladders microscopically examined in the first series, and 
in 6 out of 9 in the latter series (see Fig. 4 in Strombeck 21). ' 

In a series of experiments, initiated in the summer of 1946, an in- 
vestigation was made into the effect of o- and m-toluidine, o- and 
m-aminobenzoic acid together with p-aminophenoi on the rat slock 
which had been used since 1941 for experiments on experimental blad- 
der tumours. The results of this investigation are set out here. Expe- 
riments carried out simultaneously wdth aniline, which gave a positive 
result, are published in another paper. 

When in 1946 m-toIuidine xvas given in lower doses — 7,5—12 mg. 
daily — with the rice diet during 200—339 daj's to ten or .so rats, the 
results could not be reproduced. The mucous membrane of theblate 
was normal in a!! investigated cases. Nor were changes recorded, if 
the m-toluidine was added to the 21 1 diet. Possibly the dose employed 
here was too little. Variations may have occurred in the vitamin con- 
tent of the rice flour, which was so difficult of access at that time. 

In their investigations with p-dimethylaminoazobenzene the Madi- 
son group (8. 17) found that reproducible liver tumour frequency can 
be obtained on a diet, which contained the B-group’s vitarains in quan- 
tities, lying at or somewhat under the minimum requirement sne 
further containing corn oil {Table 1). On this diet the rat shovs a 


Table L 
Basic diet 1, 


Glycose (dextropur) 

Casein {ale. extr.) 

Salts 

Corn oil 

Riboflavin 

Tiiiamin-bydrochlor 

Ca Pantothenate 

Pyridoxine liydrocblor. 

Choline chloride 

1 drop halibut liver oil per 


TO g 

n g 

4 g 

5 g 

0.2 mg 

o.siBg 

' 0.7 mg 

^ 0.2 mg 

[ 3.0 mg 

rat each month. 


SaUmlxture 

Sodium chloride 

Magnesium sulphate 

Sodium pljosphate, monobasic 
Potassium phosphate, Mbasic . 
Calcium phosphate, monobasic 

Calcium lactate . . — 

Ferric citrate 


52 

116 

lOi 

286 

162 

390 
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certain mowth anti can he kept alive for at least a >eai. 1 he im 
portance of a diet not too deficient in vitamins has hecn emphasized 
hy, among others, Taniienbaiim (1947). His investigations showed 
that both transplanted tumours as well as tumours arising after a 
sipiply of different carcinogens, only attain full development when the 
animals receive diets allowing of a certain increase in weight and 
keeping them in good condition. This circumstance may have hecn 
the cause of the negative results with m-loluidine in 1945. 

In a new series of investigations, initiated in June and Scjitcmhci 
1947, this synthetic diet (= diet 1) was therefore tested on 9 groups 
of animals, each group containing 12 rats of the same stock as had 
hecn jireviously used (as a rule (> males and G females with an average 
weight of 1G7 g.). The suhslance to he tested was mixed directly into 
the diet. The toluidines were added to the diet in a quantity of 0.1 %, 
the oxidation products o- and m-aminohenzoic acid and p-aminophenol 
in a quantity of 0.2 %. Thus at an average consum])tion of 10 to 15 g. 
diet the daily siqiply hccomes 10 to 15 mg. and 20 to 30 mg. rcsjiec- 
tively. Due to imiiort difficulties corn oil could not he ohtained in 
sufficient quantities and in the majority of groups had to he reduced 
to half the amount during the days HSG and 201. and excluded during 
the days 202 — ,314. Only for the o-aminohenzoic acid group, which was 
started later, the corresponding periods were the days 91 — lOG and 
107 — 219. No other oil was given as a sul)stilutc during these ))enods. 

As already mentioned it has hecn shown (21. 22) that rats of the 
stock in use dcvclojicd hladder tumours on administration of azoto- 
luenc in a rice diet, hut not, on the other hand, in the coinjilcte 211- 
diet (9). The difference hetween these two types of diet consists among 
other things in that a sufficient content of vitamin B and j)rolein arc 
only found in the 211-diet. In later cx])erlmenls (4) we found that 
the excretion of dccomi)osition i)roducts of azololuenc could l)e af- 
fected hy variations in the supply of rihoflavine. Further experiments 
are set out in the first section of the present i)a])er and seem to show 
that azololucne metaholism is only influenced when rihoflavine and 
casein are simultaneously administered. The rihoflavinc-casein effect 
can he assumed to depend on an indirect action on the ascorbic acid 
synthesis. 

In order to demonstrate a possible connection between the effect 
of the diet constituents, partly on the metabolism of the carcinogenic 
compound, partly on the tumour frequency, we have, in the experi- 
ments with o- and m-toluidinc, worked, moreover, with a scries in 
which the animals instead of 0.2 mg. rihoflavine i)er 100 g. diet, re- 
ceived 2 mg. (= diet 2), and with another series in which the animals 
daily received 20 mg. ascorbic acid hy .subcutaneous injection in ad- 
dition to the basic diet (= diet 3), The basic diet contains 12 % casein 
and in these first experiments it was not considered suitable to change 
le addition of casein. On the whole the animals made an initial in- 
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crease m weight hut then decreased somewhat as a rule. For reason, 
of space the animals were kept in boxes/ 5-6 in number and «n 
fortunately a considerable amount of infection and cannibalism or 
curred on this relatively restricted diet. 

Among the 9 groups bladder lesions with hyperkeratosis and 
epithelial proliferation of varying intensity developed in all groups 
except that of the p-aminophenol. (Some thickening of the epithelium 
was observed in one case of this group after 165 days. Slone of the 
bladder was present.) As control .group 12 animals, simultaneously 
fed on basic diet without additions, have been jointly used for ail 
series together with those of the following aniline paper. 

Of the bladder changes four grades are schematically dislinguisbcd 
in the same manner as in our papers on aniline and acetaminofluorene. 

Grade / : Thickening of the epithelium and metaplasia to stratified 
squamous epithelium with cornificaiion, yet without any tendency lo 
proliferation to speak of. The changes in most cases strictly localized. 

Grade 2: Extensive epithelial metaplasia with cornificatioa and 
with proliferation, most often in the form of infolding and down 
growths of epithelial masses to the submucosa. Also smaller epitbeWat 
pearls with covnitication may occur. 

Grade 3: More pronounced epithelial proliferation with a tendency 
to formation of kerafotic papillomas and often large cysts, containing 
keratotic masses. 

Grade i: More pronounced changes, possibly with atypical epi- 
thelium. 

The results for the different groups are seen in the survey in 
Tables 2' — 10 and in Figures 7 — 12. 

Epithelial changes of the renal pelvis have not been systeniaticalh 
searched for. In one rat, however, fed o-aminobenzoic acid (no. 7) 
cornification of the renal pelvis w'as found (grade 1, fig. 13)- T'ke rena^ 
epithelium was normal in 6 rats, exhibiting bladder changes of gra q- 
to 4 after feeding of o-toluidine (2 — 4, 3 — 3), m-toluidine (1 t- 
3 — -11) and o-aminobenzoic acid (no. 12), Four rats fed m-to in me 
(1—6, 2 — 2, 2 — 7, 3—8) showed normal epltheluun as well ot tnc 

bladder as of the renal pelvis. . ^ 

In the control group (12 animals) epithelial changes 
out of 7 bladders investigated. A^everlljeless. the changes 
sentially less local extension than in the other groups anc a j' 
to grade 1. They were entirely lacking in previous contio nm 
.in which ,10 rats were fed on rice diet plus small quantities o 

without addition of carcinogen. ‘nfcslcd 

About 50 % of the rats used in onr investigations were ' ' 

with w’orms (Trichodes crassicauda). The fact that the 
found as frequently in all groups of rats even among 
speaks against the suggestion that metaplasia and papi uai. 
he caused by this worm. 
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Table 2. 

Bladder lesions in rats fed o-toluidinc on diet 1. 


No. 

Sex 

Duration 
of fectUng 
in (lays 

Body weight (g) 

Initial j Final 

0 

lipithelial changes 

Grade 

1 ‘ 1 M M * 

Slones 
in tlie 
liladder 

1—01 

M 

276 

160 

220 

+ 


— 

1—02 

M 

36 

150 

165 ' 

+ 


— 

1—03 

M 

172 

165 

210 



— 

1—04 

M 

175 

150 

140 


-f 


1 — 05 

M 

11 

' 205 

— 

+ 


— 

1—06 

M 

178 

180 

155 


-f 

— 

1—07 

F 

276 

165 

170 



— 

1—08*) 

1 F 

213 

180 

165 




1—09 

F 

276 

165 

160 


“F 

— 

1—10 

F 

276 

160 

190 

d- 


— 

1—11 

F 

276 

175 

190 

+ 


— 

1—12 

F 

276 

170 

180 

+ 


— 

*) not examined. 
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Table 3. 





Bladder lesions in rats fed o-tohiUUnc on diet 2. 




Duralion 

Body 

weight (g) 


Epithelial changes 

Stones 

\o. 

Sex 

of foediriR 




Grade 

in the 



in (lays 

Initial 

1 I'inal 

0 

! 1 1 2 j •* 1 ' 

bladder 

1 

o 

H-i 

) M 

184 

155 

175 




2—02 

M 

275 

170 

195 


+ 

+ 

2—02 

M 

171 

150 

200 


+ 



2—04 

iSI 

164 

150 

230 


+ 



2—05*) M 

184 

150 

140 




2—06* 

) M 

152 

165 

190 


' 


2—07 

F 

197 

130 

135 

+ 


__ 

1 

o 

CO 

184 

140 

110 




2—09*) F 

253 

115 

160 




2—10 

F 

275 

145 

140 

+ 



2—11 

F 

275 

135 

135 


+ 


2—12* 

) F 

18 

135 

130' 





■) not examined because of cannibalism. 


50 * 
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Table 4. 

Bladder Jesions in rats fed o-ioluidine on diet 3. 


■ 

1 i 

1 Sex 1 

1 Duralion ; 
iOf feeding 
in days i 

1 

Body weiglit (g) | 
Initial | Final j 

0 

Epithelial changes ; 

Grade i 

1 1 1 2 j 3 ) 1 ! 

f ^stones 

1 in Ihc 
i bbdtier 

3—01’) M 

213 

155 

190 




3—02 

M 

172 

380 

240 


■h 


8—03 

M 

265 

185 

200 


' . 


3—04*) M 

175 

165 

190 




3-05 

M 

53 

210 

260 

+ 


— 

3-06 

M 

199 

165 

235 

4- 


— 

3—07 

F 

250 

190 

170 


X 


3-OS 

F 

270 

145 

140 

"f 


— 

! 

O 

CD 

P 

276 

180 

190 

+ 


„ 

3—10 

F 

276 

155 

160 

+ 


~ 

3—11 

F 

276 

175 

165 

+ 


— 

3— 12*j 

1 F 

21 

155 

140 




*) no examination possible.. 


Table 5. 

Bladder lesions in rats fed m-loluidbu on diet 1. 

1 

i 

No. i 

i 

Sex 

! ' 

Duration 
of feeding 
in days 

Body weight (g) 

Initial j Final 

0 

i 

Epithelial changes smts 

Grade 

j 1 j 2 j H j 4 

1—01 

M 

255 

200 

175 

~h 

— 

1-02 

M 

258 

205 

200 


■f- 

1—03 

M 

251 

190 

170 



1—04 

P 

341 

150 

130 



1—05 

F 

259 

160 

180 


+ 

1—00 

F 

' 341 

145 

170 



1—07 

F 

237 

WO 

105 



1—08*) F 

107 

155 

185 



1—08*} F 

166 

355 

155 



1-10 

F 

148 

150 

125 

-f 


I— 11 

F 

UQ 

155 

155 

4“ 


1—12*) F 

319 

145 

200 


— 


) not examijied. 



rahle a. 

Bladder lesions in rats fed vi-toUiidinr on diet 2. 


No. 1 

Sex 

Dunilion 
of fcodiiiR 
In c)ny.s 

1 

Body wcifthl ({,') j 

Initial j t'inni 

! 

i " 

Fliilliclial clnnif'e.s 
rinidc 

! I ! 2 ! n i . 

, .Slones 
; in till! 
j IvIniWer 

2—01 

M 

252 

195 

210 

+ 


— 

2—02 

iM 

279 

IGO 

200 

"i' 


— 

2—03 

M 

2-41 

215 

205 


+ 

4- 

2—04 

F 

250 

185 

ISO 

+ 


— 

2—05 

F 

S3 

140 

120 




2— OG 

F 

101 

140 

145 



— 

2—07 

F 

340 

105 

200 

-1- 


— 

2-OS 

F 

no 

120 

145 




2—09*) 

F 

3G8 

105 

105 




2—10 

F 

lOS 

145 

145 

+ 


— 

2—11 

F 

133 

1 of) 

140 


4' 

— 

2— 12*» 

F 

330 

155 

170 




*) not examined. 


Tallin 7. 

Bladder lesions in rats fed vi-loUiidinr on die! 3. 

1 

1 

No. { 

i 

Sex 

! 1 

j Diiralinn 
jof fci'diiiKj 
1 in daj’.s | 

Body weight (g) 

Initial j I'inal 

1 EpillielinI changes 

1 Orndc 

! a i 1 j - 1 •* ' 

i 

1 Stones 

1 in Hie 

1 liladder 

3—01 

M 

244 

200 

195 

+ 

-1. 

3—02 

M 

132 

185 

205 

+ 

a. 

3-03 

iM 

135 

220 

ISO 

+ 

4. 

CO 

1 

o 

F 

134 

140 

140 



CO 

1 

o 

c;» 

F 

275 

IGO 

130 



3— OG 

F 

147 

140 

125 

+ 


CO 

1 

o 

F 

209 

140 

135 



3—08 

F 

339 

150 

150 

+ 


3—09 

F 

247 

150 

170 

+ 


3—10') 

F 

289 

IGO 

IGO 



3—11 

F 

2G5 

135 

170 

+ 


3—12 

F 

257 

190 

145 

+ 

— 


) not examined. 
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, Table S. 

Bladder lesions in rats fed p-aminofenol on diet 1. 



■ 

1 ; 

' Duration j 

j Body weight (g) 

Epithelial changes 


lor reedinff| 

1 Grade 


■ 

1 in days 

j Initial j Final 

1 n 1 1 j 2 j :i j 


1 

M 

341 

220 

190 

+ 

2 

M 

341 

225 

250 

+ 

3 

M 

165 

200 

190 

+ 

4 

M 

341 

200 

265 

+ 

5*) 

M 

151 

220 

210 


6 

M 

193 

185 

220 

+ 

7*) 

F 

341*) 

195 

210 


S 

F 

137 

160 

165 

+ 

9 

P 

341 

170 

175 

~h 

10 

F 

308 

160 

150 

4 - 

11 

P 

341 

165 

200 

+ 

12 

P 

127 

205 

215 

4- 


Slones 
m the 
bladder 


-f 


*) not examined. 


Table 9. 


Bladder lesions in rats fed o-aminobenzoic-acid on diet 1. 


1 

No. 

1 Sex 

Duration 
of feedinjii 

j Body 

weight (g) 

, 1 


Epithelial changes j 

Grade 

1 1 1 .. 1 < 

Stones 
in Itf 
blaiiiier 


1 

^ in day.s 

Initial 

j Final j 

1 0 

1 ' I M 

MV' 

i 

1 

M 

167 

150 

200 


4* 


— 

2*) 

M 

113 

160 

135 





3 

M 

326 

160 

235 

+ 




4 

M 

155 

135 

170 

+ 




5 

M 

166 

175 

230 

-f 




6 

M 

33 

130 

105 





7 

P 

176 

135 

125 



+ 


S 

F 

374 

125 

175 





9 

F 

374 

135 

180 

+ 




10 

F 

164 

135 

170 


+ 



11 

F 

374 

130 

160 





12 

F 

331 

120 

150 



' 


) not e.xamined. 




461 


Table (0. 

Bladder lesions in rats fed in-aminobcnzoic-add on diet 1. 


No. 

[ Sex 

Duralioii 
of fecdingl 
ill da\s 

Body weight (g) 
Initial j Final 

1 Epithelial changes 1 

Grade 

« 1 1 j 2 j :t j 4 

1 .SIone.s 
j in tile 
bltirtder 

1 

M 

137 

230 

215 

+ 

-h 

2*) 

M 

131 

240 

215 



3 

M 

140 

215 

150 

+ 

— 

t*) 

M 

137 

230 

ISO 



5 

iM 

130 

205 

230 

+ 

+ 

6 

M 

140 

175 

175 


— 

7 

F 

262 

150 

135 

+ 

— 

8-) 

P 

180 

160 

195 



9 

F 

258 

200 

150 


— 

10*) 

P 

180 

200 

160 



n 

F 

S4 

iGO 

115 

+ 

+ 

12*) 

F 

222 

160 

135 




*) not examined. 


It is known tliat deficiency of vitamin A in tlic diet produces hyper~ 
keratosis in rats in the vagina, prostata, vesiculae seminales and also 
in the mucous membrane of the bladder (7, 10, 16), Hume, Burbank 
and horenchevsky (1939) found that administration of estrogens to 
male rats gave se\'erc changes of the bladder consisting of stratifica- 
tion. squamous metaplasia, keratinisation and papillomatosis, and 
that the most severe changes almost ahva.vs occurred in those which 
vere deprived of vitamin A and at the same time treated with 
estrogens. Their pictures show a striking similarity to ours and cor- 
respond to grade 2—3. Series of vaginal smears from our animals 
on diet 1 with addition of m-toluidine or o-aminobenzoic acid as well 
as, moreover, aniline and acetaminofiuorene show to a great extent 
however, a normal estrus cycle and thus do not point to anv A- 

ii this substances in question shmild, 

th s dose, have any estrogenic effect on the diet emploved 

1 - ^ the control 

anal5ses of the preparations given, been shown to attain at least 

325 lU monthly. It can be stated with certainty that the administra 
tion of yitamm A. calculated per day, has attained at least 10 lU 
.-.nd most often more. This shonid s-ntisfy the need more than enon n'n 
• ho'vever, the epithelial changes of the bladder in 

senes 1-— 9, only grades 2—4, in which obvious epithelial proliferation 

t r<^:r:r'tr “ «.o4's-’;?:f-st“ 
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Series 1 
2 

3 

4 

5 

6 

7 

8 


o-toluidine 


m-toluidine 

o-aminobenzoic acid 
m-aminobenzoic acid 


in 4 out of 11 bladders examined 
in 3 » » 6 » » 

in 3 » » 9 » 

in 2 » » 9 » ^ 

in 1 » » 7 » » 

in 4 » » 8 » » 

in 3 » » 11 >:> 

in 0 » » 7 » » 


These figures are too small for comparison of the fretjucncy in 
the epithelial changes with feeding on different substances, Neilhcr 
does the uncertainty in the division into grades make possible a safe 
comparison between the epithelial proliferation in the different scries. 
If all the 6 toluidine series be combined, definite epithelial prolifera- 
tion has been demonstrated in 17 out of 50 bladders investigated 
(34 %). In the two aminobenzoic acid groups epithelial proliferations 
have been found in 8 of the 18 investigated (44 %). In the former 
group grades 3 — 4 occurred in 7 out of 50 (14 %), in the latter in 
3 out of 18 (17 %). 

Ekman and Strombeck (4) have put forward the assun]i)lion that 
the latent period of roughly 100 days needed for tumours to develop 
through azotoiuene, can be shortened, if the test animals, before re- 
ceiving AT, have received a diet devoid of protective factors. Part of 
the latent period may he necessary for the animals to attain the 
condition of deficiency which is obviously necessary for the develop- 
ment of pathological changes. 

12 animals (8 males and 4 females) with initial weight of ca. 
150 g. received Madison diet diet 1) without any addition of car- 
cinogenic substance. After 139 days 0.3 % azotoiuene was added lo 
the same basic diet. The animals died 21— *50 days after the beginning 
of the administration of AT. In 8 of them the bladder could be oxa 
mined microscopically. In 7 of these 8 (AT during 41 50 days) 'oo'c 
found epithelial changes of the mucous membrane. In at least - o 
these the changes already correspond to grade 2 (see Fiff- 74 an • 
Yet another pair has almost the same development of the metap js 
keratotic processes with inflammation. In 3 it was a question o me 

plasia without proliferation. • f in- 

Thus it is striking that these changes developed after bne ^ 
fluence of AT. Moreover it is obvious that the substance s or 
higher toxicity than otherwise. . . 

Corresponding experiments have been carried out with ni o u 
12 animals with an average weight of 165 g. (8 males, 
ceived diet 1 during 138 days, after which 0.1 % meta- 0 m 
added to the same diet. Here the mortality was less, le a 
days of administration of m-toluidine. All had noima a , 0^ 
Hum. 2 died after 147 daj's and were not examined (canni ja i 
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2, Nvhich died after 46 days, one had early e])ilhclial changes (grade 1),. 
one had normal bladder. The remaining 4 died after 21 — SO days and 
could not be examined. These experiments arc to l)c re])cated. 

The increased excretion of loiuidincs, which we observed on the 
absence of protective faelors in the diet seems to indicate that it is 
the toluidines which should correspond to the real carcinogenic sub- 
stance. Experiments to demonstrate a primary carcinogenic effect in 
tolnidinc have been made. To accomplish this, »pcnels« were pro- 
duced consisting of equal parts of paraffin or wax and loluidinc (o- 
and m-) and with a toluidine cjuantily of 2.5 — 3 mg. in each jmllct. 
The pellets have then been swept into the mucous membrane of the 
bladder, whereuj)on all of it has l)ccn imj)lantcd in the liver or m. 
pectoralis major in the same or in a related animat. Even after ca. 
200 days no changes in the usually well preserved mucous membrane 
of the bladder could be ohsevved. 

Discussion. 

The excretory experiments showed that in rats, which received 
azotoluenc or m-toluidine, on a basic diet, complclcd with rihoflavine- 
casein, the excretion of oxidation products, aminobenzoic acid and 
aminocrcsol, was increased. Any increased effect of the riboflavine- 
casein addition could not be obtained by adding yeast, adermin or 
pantothenic acid. Running parallel with this increase in the excretion 
appeared an increased excretion of ascorbic acid. In iinothcr paper 
(Ekman and Slrombcck (5)) it could be shown that after administra- 
tion of m-toluidinc the excretion of m-aminobenzoic acid, which in 
animals on a diet deficient in ribofiavine-cascin showed low values, 
could be increased by administration of ascorbic acid alone, and Ibis 
would seem to indicate that the ribofiavine-cascin effect depends on 
an effect on the ascorbic acid synthesis. 

The effect noticed here of ribofiavine-cascin on the metabolism of 
azotoluene and meta-toluidino can be compared with observations of 
Kenslev et al. (1941), as well as of the Madison group, in experiments 
with p-dimethyl-amino-azobenzenc according to which the frequency 
of liver tumours decreases on administration of riboflavine-casein. The 
metabolism of this carcinogen on different types of diet has not yet, 
so far as we know, been the subject of study. Riboflavine-casein as 
stated above, on the other hand, seems to act on the metabolism of 
the toluidines, which are carcinogenic for the bladder, in such a way 
that a lower frequency of bladder tumours should he the consequence, 
if the toluidines had a more powerful carcinogenic effect than their 
oxidation products. We have, however, not yet been able to give a 
direct proof that riboflavine-casein is the factor causing the lowering 
m the frequency of the bladder tumours observed in earlier experi- 
ments with azotoluene (21, 22). 

No effect of the administration of rihoflavine or ascorbic acid on 
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the tumour frequency could be observed in our experiments, vhcn 
these Mtamins were given as the only addition to the Madison Imk 
diet According to our dwn experience from excretion experiments , 
supply of both riboflavine and casein are required for an effect on 
the metabolism, and the same is true, as we find in other authors for 
the effect on the development of liver tumours. It is pos-siWe that the 
■content of casein in the Madison diet is not sufficient for the'devc- 
iopment of a riboflavine and ascorbic acid effect respectively. It has 
not yet been found possible to make this problem the subject of study 
in metaboiical experiments. 

In the experiments set out here the basic diet of the Madison group 
xvas necessary for the dei'elopment of the epithelial changes. This did 
seems to differ from other types of diet mainly by its content of corn 
oil. According to the Madison group the presence of corn oil in the 
diet promotes the development of liver tumours on administration of 
p-dimethylaminobenzene. Corn oil also seems, judging from our re- 
sults, to promote the development of bladder tumours after admini- 
■stration of decomposition products of azotoluene. The same appears 
to hold good for acetaminofiuorence, 

As has already been mentioned the experiments showed that the 
e.xcretion of the oxidation products aminobenzoic acid and aminocrc- 
sol is increased after administration of riboflavtne-casein, which can 


also be supposed to be a protective factor. It could be expected a priori 
that the oxidation products ought to have a lower carcinogenic effect 
than the toluidines. In the experiments set out here, however, the tu- 
mour frequency, on the administration of m- and o-aminobcnzoic acid 
is not less than on the administration of the toluidines. Both the 


aminobenzoic acids w'ere, however, administered in double doses com- 
pared with the toluidines and onlj^ new experiments with larger .series 
and administration of both the types of substances in equimolar con- 
centrations could decide the tumour frequency. The other oxidalmn 
product, which -was found by us (4), namely aminocresol, has not .le 

been tested in morphological experiments. - -ri 

Experiments have also been carried out with aniline and its oxi a 
tion product p-aminophenol. The result here was that aniline sim'Cf 
itself to have a cancerogenic effect, whereas this rvas lac '.mg m 
aminophenol. Of the two oxidation product.s of azotoluene. ami 
benzoic acid and aminocresol, it is, however, aminocreso aio\c > 


xvhich is comparable with p-arainophenol. 

A very extensive work has been carried out to ^*1.' . 

clianism of liver tumour development after administration o p f 
thylamino-azobenzene. A definite inhibition of tumour * jj 

administration of riboflavine .and casein has been fount ^ 
would appear to l)e of essential importance that the same ac ° ‘ 

affect the metabolism of azotoluene and its decomposition p 
‘The tumorogenic effect in a series of decomposition pro uc s 
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dimclhylaminoazobcuzcnc has been invesligatcd, bill all cxpciimenls 
liavc hitherto been negatiic. In our experiincnls, however, we have 
succeeded in obtaining carcinogenic effect from certain split products 
of azotohienc. Toluidines as well as aniinohenzoic acids, namely, give 
tumours of the bladder during certain diet conditions. 

, Siimmavy. 

Some of azotoluene’s theoretically iniaginaljlc split products (o- 
and m-loluidinc, o- and ni-aminohcnzoic acid) were led to albino rats 
of constant, but not sysleinalically inbred laboratory stock as an ad- 
dition to a synthetic basic diet with a low protein (casein) content, 
containing corn oil and of scanty vitamin content. All the substances 
tested here gave c])ithclial changes of t)jc Ijladdcr with metaplasia, 
keratosis and pajiilloma entirely similar to those obtained on feeding 
with azololuenc the same stock of test animals. It should he noticed, 
however, that both aminol)cnzoic acids were administered in double 
doses compared to the toluidines. Concerning the latter no decrease in 
the frequency of the epithelial changes was obtained by the addition 
of further riboflavine or of ascorbic acid. 

Aniline’s oxidation product j)-aminophcnol did not give on the same 
diet any epithelial changes of this kind, which the aniline was shown 
to give ei'cn in half the dose. 

Azotoluene gave earlier epithelial changes of the bladder, if the 
animals, before the application of the carcinogenic agent, had re- 
mained on the basic diet for 130 days. 

The combination casein-riboftavine in lest animals was shown to 
])romote the excretion in the urine of ascorbic acid and of the oxida- 
tion products aminobcnzoic acid and aminocrcsol both on feeding with 
azotoluene as well as with m-lohiidinc. 


1 . 

2 . 

3. 

4. 

5. 
G. 

7. 

8 . 

9 . 

10 . 

11 . 

12 . 

13 . 
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Bladder changes, grade 4, 


after lef days' feeding with 0.1 % o-toluidine, 
rat 2 — i. ^ ^0- y 



n9cy, m-aminohenzoic 

adder dianges, grade 2, aft^’ X 44. 

during 262 days, lat i ' 


acid 
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Fig. 13. . ^ . 

■Changes of the renal pelvis, grade 1, after feeding ^vith 0.2 % o-amino icnzoic 
acid during 176 days, rat 1 — 7. x 1<0. 



Fig. ii. 

Jladdor changes, grade 1, after 50 days 'Ven 

ceded hv 139 days’ basic diet without caici c 


0.3 % azotoluene, pre 
rat 1-35. X 1-0. 
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THE EFFECT OF FEEDING OF ANILINE ON THE 
URINARY BLADDER IN RATS*) 

By B. Ehman and J. P. Stromheck. 

(Received for publication January lOth, 1949.) 

Ever since Rehn 1895 furnished Ms first report on Uinjom of 
the bladder as an occupational disease so-called 

lories an extensive literature has grown up g dented lo 

aniline tumours. Considerable work hvgicnic 

finding out which substance is f cap;ble of 

experiences from Germany pomt to * t in U. S. .V 

procuding tumours, whereas this eenerally shown itself 

(Evans). In ordinary test anima s am appearance of 

to be inactive on the urinary bladder apart J^„„l„ane. 

hematuria, hyperemia among workers handling 

Haemorrhagic cystitis has ^^t^r investigators nienl.on 

aniline and its homologues ( )• reported nn- 

may be made of Berenblum in 1940 consider 

successful feeding experiments ^ has even been pro- 

that aniline is >mol rion aniline tumours by Ibat o 

posed to substitute the classification aniline 

amino-tumours (2). , aniline hare, how 

Occasional positive “’’"’3 SlaeMcr 1933 !'»« " 

ever, been reported, Thos Pf I”''''" “(llfal tulb« of Ibe I*?' 
mentioned that they obtained mro ei g nauhthylamiuc or anna 
in rabbits by subcutaneous injection « J' ‘ J ^^fneient ddaits- On 
(1 mg. daily). They do rabh Is 

the other hand, local application in j-isc to P- 

1 % aniline water with a daily dose of mg. rc- 

pillomatous tumours in the bladder veitex (- 

financial suppo^* 


•) This inve.^tipation was made possible owing 
tlie National Medical Research Council. 
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markable that the changes, Avhich were not shown to he atypical, ap- 
peared already in the second to third week, and that there was no 
parallelism between the experiment period and the tumour develop- 
ment. 

The occupational hygienic cx])eriences concerning aniline as a 
cancerogenic substance thus diverge. Nor do the experimental animal 
investigations give clear results. 

In previous investigations we have shown that simple decomposi- 
tion products of azotoluene, o- and m-toluidine (5) and o- and m- 
aminohcnzoic acid (6) are tumorigenic on a certain diet. These com- 
pounds could he considered as derivatives of aniline. Furthermore 
Sirombeck (19) has shown that 2,3’-azotoluene tumours in the blad- 
der are only obtained on a rice diet relatively poor in vitamins and 
proteins, but, on the other hand, are not obtained on a complete diet. 
It can, therefore, be supposed that earlier investigators, who had re- 
ceived negative results in animal experiments, used a diet containing 
protective factors. It, therefore, appeared justifiable to test the can- 
ccrogenic qualities of aniline on a restricted diet. 

In this connection it deserves to he pointed out that aniline in vitro 
is split off on the incubation of 2,4’-diaminoazohcnzcne, p-aminoazo- 
benzene and p-dimcthylaminoazobcnzene Avith yeast (16). It is also 
obA’ious that aniline can be formed in vivo from p-dimelhylaminoazo- 
benzene; for, on supplying this substance p-aminophenol is excreted 
(IS). Aniline, however, unlike the mother substance did not give any 
liver tumours (12). 


Own investigations. 

Albino rats of the laboratory strain, Avhich had been employed in 
previous experiments, were fed, commencing on 25/1 1946, on 5 — 7.5 
mg- iffroup /) aniline daily in a rice diet supplemented with about 
10 g. of carrot a week. 20 males were used. About half of them died 
early, but for eleven the feeding period amounted to 144 — 256 days. 
The urinary bladder was cut in series (8 u, each 25th. slice was 
stained). Some of them showed pronounced hyperaemia, even hae- 
morrhages submucously and in the musculature. The epithelium, how- 
evei , was CAerywherc normal Avithout metaplasia, kcratinisation or 
tendency to proliferation. Nor did some animals on a free diet and 
the same aniline dose shoAV any epithelial lesions. 

In June 1947 ncAv experiments (group II) Avith the same strain of 
rats Avere begun. In these the animals (6 males and 6 females) re- 
ceiA^d O.IO % aniline to the synthetic basic diet (vitamin-free casein 
- glycose 79 %, corn oil 5 %, salts and a restricted vitamin mix- 
W ), according to the Madison group (11). The daily quantity of 


0.2 


*) 0.2 mg. riboflavinc, 0.3 
mg. pyricloxine HCl, 3.0 m 


mg. thiamine HCl, 0.7 mg. Ca-pan(otlienatc, 
g. cliolme chloride per 100 g. diet. 


51 * 



474 


food consumed amounted to 10-15 g. per animal, corresponding to 

160—215 g.. an average of 185 g. All animals first increased'in weight 
and reached their maximum after 27-110 days (73 davs on a average) 
only to diminish to, on an average, 6 % beneath the initial weighui 
death, which occurred after 80—331 days (an average of 204 days)*. 

The dead animals showed often pale organs. Sometimes the urinary 
bladder was expanded by a blood-coloured content. It contained blad- 
der stones in three cases, all males. 5 animals were lost through can- 
nibalism. On microscopic investigation of the urinary bladder (serial 
slice 10 p, at least each 50th, being stained) among the seven cases 
examined there were found in 4 epithelial changes with metaplasia 
and epithelial proliferation. They have been graded in accordance witii 
the previous paper (6) and were in each two cases of grade 2 and 
grade 3, respectively (Table 1 and Figs. 1—3). The epithelium of the 
bladder was often desquamated in places, the mucosa being the sent 
of granulation tissue permeated with leukocytes in the lesions. The 
changes are essentially the same as those observed when feeding rats 


on azotoluene (13, 19), toluidines (6, 19) and acetaminofluorence (7). 
Thus hs'perkeratosis together with a more or less pronounced epithe- 
lial proliferation and even clear papilloma formation are found. Ycl 
nowhere are signs to be seen of an infiltrative growth and malignity. 

The agreement is also great with the tumours of the bladder ob- 
tained in rats on administration of oestrone (20) and diethylslil- 


bestrol (3). 

Another group (HI) of rats of the same strain, 9 males and 1 fe- 
male, likewise received aniline to 0.1 % in the diet during the entire 
experiment period until they died after 98 — 312 days (on an a\crage 
185 days) (see Table 2). During a first period, however, these animals 
had been used for metabolic experiments with determination of c.s- 
cretion products in the urine and during this period received rarjing 
additions to a basic diet, consisting of vitaminfree starch, salt am 
vitamin mixture. Immediately after this period they were p acc( m 
boxes in groups of 5 animals in each with the same dose 
the same basic diet as in the previous series (group D)- ® 

conditions of the experiment are not quite comparable, e 
the animals had epithelial lesions of the bladder (one of gr.u e 


of grade 3) see Table 2. . i a were 

The kidneys of four rats exhibiting bladder lesions grate ' ’ 

examined microscopically. The renal pelvis showed 

(5, 02 — 7) epithelial changes corresponding to grade 2 (ftg- • 

rats with a normal urinary bladder the renal pelvis was norma . 

The basic diet used in group II has at the same time 5een 
12 rats of the same strain without an addition of aniline or at . 
carcinogen. In hvo of them appeared inconsiderable epi m 
losis of, at most, grade I. These miust he connected wi r o 



composilion of Iho liusu- dic'l (OK The more pronoiince.l lesions (firiide 
2- 0). ohlnined hy foedinM willi nniline on this synllielie did, iniisl 
ohviouslv he nserihed to :i lumoro/,'enie effeel of this siihsl:mee. As 
Wiis estiihlislied in ddnil in (he i»roviotis i);ii>er (0) the nmtent of viln- 
inin A in llie did used is suffieient for preventiiiK vn.uinul Uerulosis 
and was estimated tty analysis after tlie experiment's finishinf' of the 
fislt-oil preparation employed to lie at least 10 1. 1.. per day jiei lat. 
K.slro^enie effect of aniline was not oiiserved on investif^ation of (he 
vaginal smears from ■! animals during a period of l.t- KS days. 

.According to our opinion as previotisly advanced (at. the inhihiling 
effect of certain factors in a comitlde diet on the apitearance of tu- 
mours of the hladder Ity feeding azotoluene to rats is dependent on :in 
increased formation of oxidized mdaholic products. Phenol is oxidized 
in (tie organism to p-amiuoithenol. Ttiis suhslance has therefore heen 
given to rats on (he same hasic did as group !1. 'I'lie ex|ierimenl em- 
braced 10 animals and it-aminophetiol was given in the did in h.2 K . 
Xo cjtithelial lesions coid<l he oiiserved. in spite of the dose being 
douhio when compared with the aniline supplied. 


ni.sciission, 

'I’lius the investigations liere descrilied make it dear thal aniline 
could give rise to tumours of the bladder, when Ihe lesl .inimals re- 
eeive a certain did. 't’liey seem, llierefore. to he of interest in conjunc- 
tion witli the investigations carried out against llie hackgrouud of Ihe 
occupational hygienic significance of aniline. 

.Moreover, they ean .also he connected with our own pnoious in- 
vestigations. On a cert.iin diet deficient in vitamins and jiroteins llie 
same kinds of lesions in the c]iithdium of Ihe hladder are induced hy 
azotoluene. o- and m-loluidine. o- and m-aminolienzoic acid ami ani- 
line. f)n (he other hand. p-aminopheuol is pot lumorogenie. .Aniline 
is the simplest eom)iouml in this series, fili.-inges in o- jiud m-posilion 
to llie aniinogronp do not appear (o play any part, wliereas. on Ihe 
other hand, an oxidation in p-posilion neulr.dizes the lumorogenie 
effect (p-amiiuiphenol). .According to this train of thought another id' 
the decorniiosition jiroduels for azotoluene demonstrated hy us. name- 
ly aminocresol. should nol he lumorigenie: investigations on this stili- 
slance are in jirogress. rurlhermore, in conformity with the urinarv 
output of aminocresol ih. (5) the excretion of p-aminoplienol should 
he increased on the administration of iliel faelors which protect against 
llie appearance of luniours. Studies on aniline melaliolism with varv- 
ing diets have, therefore, heen initiated. 



Table I. 


Bladder lesions in rats Group II following administration of aniline. 


No. I 

I 

Sex 

i 

Duration | 
of expe- j 
riment 
in days 

Body w( 

Initial 

5ight (g) 

Final 

Er 

(ithelial changes j 

1 j 2 j 3 j 4 

Stones in 
the biaitder 

1 

M 

142 

210 

170 

+ 



2 

M 

.267 

215 

245 


+ 

+ 

3‘) 

M 

167 

185 

150 




4 

M 

166 

215 

245 

+ 


_ 

5 

M 

251 

190 . 

245 


-f . 


6 

M 

331 

195 

155 



+ 

7-) 

F 

151 

160 

145 




8‘) 

F 

138 

165 

165 




9 

F 

307 

180 

160 



— 

10 

F 

161 

160 

130 


+ 

— 

11*) 

F 

289 

185 

130 




12*) 

F 

80 

160 

145 





*) not examined. 


Table 2. 


Bladder lesions in rats Group III following administration of aniline. 




Duration 

1 _ . 

j 


• I 




of experiment 

Body weignt 
(g) 

Epithelial changes 

Stoats 

No. 

Sex 

in days 

1 




in the 
bladder 



Period 

! I 1 

Period 

n 

1 Initial 

Final 

1 0 1 1 

1 0 

i 

3 

4 


02—1 

F 

224 

88 

153 

145 



- 

02—2*) 

M 

224 

25 

145 

260 




02—3*) 

M 

67 

43 

110 

280 




02—4 

M 

53 

127 

150 

240 

+ 



02—5 

M 

224 

73 

155 

200 




02—6*) 

M 

46 

52 

115 

185 


+ 


02—7 

M 

71 

101 

180 

170 



02—8 

M 

111 

68 

170 

120 

+ 



02—9 

M 

73 

55 

.200 

175 


+ 


02—10 

M 

74 

49 

ZOO 

175 




*) not examined. 


Summary. 

By administration of 0.1 % aniline in a basic diet 
casein, corn oil and glycose with a restricted vitamin cont^ ^many 
systematically inbred laboratory strain of white rats, ^hhildcr 

years had been constant, keratosis and proliferation of e 
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epiUielium up to ])a])illoma formation, though not malignant, were 
obtained. P-aminophcnol in a double dose did not give such lesions. 

Oestrogenic effect was not obtained by the aniline dose used in 
the diet under discussion. 
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Fig. I. 

Bladder lesions, grade 3, after 267 days feeding with 0.1 % aniline, rat 1. 
The epithelium partially ulcerated with granulation tissue in the defect. ><17. 



Fig. 3. 

Bladder lesions, grade 3, after feeding with 

rat 5. X 44. 


0.1 % aniline during 251 day 
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^ ■ 

tesions of ii.o .■cn^;'';,'/,,-, ,„, 5 

as in figg. 9 ai]£{ 3^ ’ ^ ^ aninml 
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was changed to brother-sister matings. Only a part, therefore, of the 
latei material was from this more highly inbred strain. In this htler 
series (23) a still high frequency of tumours of the bladder (44 

tumours of the bladder and 7 % renal tumours in 108 animals 

roughly as many males as females) is obtained. CanUirow (1046) uses 
a Sherman strain, which obviously has a very low freciuencv of tu". 
niours of the bladder. 


The importance of strain-differences in varying tendencies to blad- 
der-tumours through carcinogens other than AAF has only been de- 
monstrated, as far as is at present known, by Dunning et al. (6). Bv 
implanting pellets containing diethylstilbestrol, papilloma of the blad- 
der was obtained in the majority of males of the Copenhagen line and 
to a less degree in the females. In AXC-line tumours of tlie bladder de- 
veloped with this method to a still less degree and not at all in a third 
line (Fischer), which was also used with negative result concerning 
tumours of the bladder in the experiments with AAF described above. 
Whether diethylstilbestrol is active as a carcinogenic agent or only — 
like the estrogenic substances with experimental mammary cancer — 
has a provocative importance, constitutional factors seem here also to 
play a part in the development of tumours of the bladder. 


Harris, in America, who used the same strain as Biehchowsluj in 
England and like the latter obtained few tumours of the bladder or 
none at all, considers »that the incidence of tumours to be expected 
in the various tissues is determined by the strains of the rat«. 

Peacock { 1944) discusses »the relative values of stock mice and in- 
bred lines for investigating the competence of tissues to react on car- 
cinogens. In investigating a problem that is primarily concerned uith 
human pathology it is well to bear in mind that there arc no inbred 
lines in human beings, and that experiments carried out in purcbrc( 
animals may have a very limited bearing on the etiology of malignan 
neoplastic diseases in corresponding sites in human beings«. If m )ru 
lines he not used, the animal stock employ'ed must be kept as pure as 

possible. , 

The constitutional factor ohsiously' plays a leading part an nuis 
he taken into consideration in experiments aiming at producing u 
mours of the bladder with AAF. This is certainly the explana ion o 
many of the varjdng results in the literature. 

Ad. 2. The importance of diffei'cnt diet factor's is 
known in connection with azocompounds producing tuinorns o 
liver; p-dimethyl-aminoazohenzene, o-aminoazotoluene, etc. 
factors are also of importance in the development of ° 

bladder through azotoluene has been shown by Strdmbcc , - 
The strong carcinogenic effect in AAF seems pei'haps a 
less easily influenced by diet factors. Wilson et al. (23) comp c 
their diet by the addition of cod liver oil, brewers yeast am 
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germ, using a dose of 0.125 % AAF in 41 clays, after which 0.031 % 
until 143 days. On the 174th day 4 animals had external tumours and 
postmortem examination revealed »])ossible thickening in the hlad- 
der«. They consider that »there was no indication that the dietary 
supplements had modified the types of lesion, hut report that » another 
study still in progress suggests that the diet may he of great im- 
portance in regard to the carcinogenicity of AAF«, 

Harris and Bradslier (1946) have studied the effect of dietary mo- 
difications on the development of hepatic tumours hy AAF. Neither 
a diet rich in casein-rihoflavine nor additions of liver extract, ^\hich 
in the same strain of rats retarded the growth of tumours in experi- 
ments with p-dimethylaminoazohcnzcne (butter yellow), gave any 
significant difference in hepatic tumour dcveloi)incnt, when 0.04 % 
AAF was added to the respective diets. Harris (1947) in a later scries 
did not obtain any protective effect with synthetic diet and the same 
dose of AAF, and considers that this indicates that the mechanism of 
tumour formation by the fluorene dcrivates differs from that con- 
cerned with 13-dimethylaminoazohenzene-carcinogencsis. 

In view of the strong carcinogenicity in AAF it seems, however, 
necessary that the effect of diet factors should be tested in lower doses 
of the carcinogen than these authors have employed. Experiments 
arranged in conformity with this principle were initiated in 1945. 


OWN INVESTIGATIONS 
Series A. 

Of 4 groups of white female rats, each comprising 5 animals and 
of an average weight of 178—196 g., two groujis were fed on a rice 
diet with 10 g. of carrot each week with an addition to this of 0.031 % 
AAF (5 animals) and 0.016 % AAF (5 animals). The remaining two 
groups received a complete diet (Hammarsten (11) 211, containing 
casein, rice flour, sugar, arachis oil, cod liver oil, yeast, wheat sprouts 
and salt mixture), which had previously shown itself capable of jiro- 
tectmg the rat-strain employed from the formation of azotoluene lu- 
mours in the bladder (21). One of these two latter groups received an 

^ addition of 0.016 % 

AAF. All were fed ad libitum and were killed after 162 davs (one 
however, died after 158 days). ‘ ' ’ 

The result was negative to such a degree that not one of the ‘^0 

animals showed tumours of the bladder. On the other hand macrl- 

scopic lesions of the liver were found in both grouns wide ’ hZ 
ceived 0 oai a at? 'ru . f,ioups, \Miicli had re- 

0.031 % AAF. These were substantially more pronounced in 
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the group which had been on a complete diet (see Fig 1) The liv 
weights were both absolutely (average 17.1 and 7.5 g’. respeclivelv) 
as well as in percentage of the body weight (8.5 and 6.9 % respectivelv 
greatest in the latter compared with the animals on rice diet. In the 
majority of these 10 animals with the higher AAF-close proliferative 
lesions of gall ducts and liver cells were microscopically found, but 
most pronounced in animals with the 211-diet. 

In both groups with the lower AAF-dose (0.016 %) macroscopic 
lesions of the liver were absent in all 5 animals on the 211-diet. In the 
5 on rice diet the liver was macroscopically normal in 2 animals but 
revealed slight macroscopic lesions in 3. Only these 3 had microscopic 
lesions in the liver with an increase in connective tissue, proliferation 
of the gall ducts, and in one rat incipient adenoma formation as well. 

These findings of our investigation seem to speak in favour of tlic 
theory that there may he factors in the 211-diet, which retard the de- 
velopment of liver lesions when a sufficiently low (0.016 %) supply 
of AAF has been administered. With larger doses (0.031 %), however, 
of AAF the growth occurs more quickly on 211-diet than on a rice diet. 


Series B. 

8 parabiotic pairs (litter-mate males) of Taby strain (not the pre- 
viously used strain), in which double-sided nephrectomy had been 
carried out on the left partner 25 — 39 days after establishment of the 
parabiosis, received 0.031 % AAF in 211-diet ad libitum from 1— - 
weeks after the nephrectomy during' 73 — 197 days. They died after 
139 — 354 day's of parabiotic life. Tumours of the bladder were .absen 
in both the left (kidneyless) as well as the right partner in the 8 I'-'irs. 
Thus the experiment, intended to obtain in this manner proof or ic 
urogenic or haematogenic theory, failed. The left (kidneyless) par ncr 
was consistently atrophic and hyperaemic, and showed 
sclerosis of the aorta, whereas the right one was fat and 
lesions were found in all 8 right animals and were consisten > i>' 
pronounced in them (see Fig. 2). They were missing in at eas 

the left animals. _ rabiolie 

The metabolic conditions are very complicated in tie ‘ 
animals .One would, however, he justified in considering i* 
better nutrition in the right animal favoured the developmen 
tumours. 


Series C. 

In investigations on the influence of butter yellow in for 
tumours the Madison group (11) made use of a syn 
taining corn oil and a restricted quantity’ of vitamins 0 
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The same diet was used by us in investigations to determine the capa- 
city of azotoluene and its split products, and of aniline to produce 
tumours of the bladder {Ekman — Strombeck 9, 10). Parallel with 
this and roughly at the same time experiments were initiated in 1947 
with AAF*) added to the Madison diet. In accordance with information 
from the literature to which reference has previouslj' been made and 
according to our own investigations a tumour-protective effect in riho- 
flavine-casein and possibly ascorbic acid may he expected. The Madi- 
son diet contains a certain quantity of casein (12 %), and with the- 
object of testing a protective effect in rihoflavine and ascorbic acid 
3 experimental series were set up in the following manner; 

Each group com])rised 12 rats with an average w’cight of 130 — 
140 g. (6 males, 6 females) and all the groups received an addition 
of 0.015 % AAF. The animals consumed on an average 10 — 15 g. diet 
per day. 

Group I received the Madison group’s basic diet: 79 % glucose, 
12 % vitamin-free casein, 5 % corn oil, 4 % salt mixture and per 100 g. 
diet 0.2 mg. rihoflavine, 0.3 mg. thiamine, 0.7 mg. Ca pantothenate, 
0.20 mg. pyridoxine hj'drochloride, and 3.0 mg. choline chloride. Added 
to this 1 drop of Oleum jecoris forte or Guttae adevitami*) per rat 
each month. 

With the prci)arations used the suj)])l5' of vitamin A, calculated 
daily, amounted to at least 10 — 40 I. U. per day. 

Group II received 2.0 mg. rihoflavine per 100 g. diet hut otherwise- 
the same diet as group I. 

Group III received the same diet as group I hut daily received 20 
mg. ascorbic acid in subcutaneous injection. 

By reason of intercurrent infections and cannibalism not all ani- 
mals could be examined. The average spontaneous length of life 
amounted to 208, 156 and 190 days in the respective groups. All ani- 
mals surviving for 300 days (2 in each of groups I and II, and 4 in 
group III) on the carcinogenic diet, which they received daily all the 
time, were killed. Bladder stones were found in 3 animals in group I, 
not at all in any of group II, and in 1 animal in group III. 

Epithelial changes of the bladder of varying degree were found in 
20 of 25 animals examined, roughly equally distributed in both sexes 
and in the 3 groups (7/10, 5/5, 8/10). Cases of advanced changes were 


*) Tlie preparation was kindly made up by Mr. K. G. Rosdahl of A/B Fer- 
rosan, Mahno. For tlie synthesis fluorene was used, placed at our disposal 
hy tho generosity of Koppevs Company, Pittsburg. 

) At a control analysis in A/B Leo, Halsingborg in August 1948 a small 

^°'*Sht 4. XI. 1917, Was shown to contain 
-oUOO I. U. vitamin A per g., and Guttae adevitamini, liought 3 3 48 G500 I U 

trS’mg"^ weight of a drop of the preparations correspond 
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found in all 3 groups. Cancers did not develop. Transplantation e.xncri 
nients from pronounced cases are in progress. 

Papillomatosis could be observed with loupe only in the most ex- 
treme cases. All bladders (10,5 and 10 in the respective grou])s) col- 
lected were cut in serial sections (10 p, at least each 50th. stained) 
The microscopic lesions agreed with those described by previous 
authors (22) and have been schematically divided up into four grades; 

1) Thickening of the epithelium and metaplasia xvith keratiniza- 
tion but without signs of proliferation. Most often it has l)ecn 
a question of locally limited lesions (see Fig. 3). 

2) Epithelial metairlasia with keratinization — usually diffusely 
spread in the bladder — ■ with proliferation most often in the 
form of epithelial infolding and down growths to the suh- 
mucousa. Also smaller epithelial pearls with cornificalion (sec 
Fig. 4). 

3) More pronounced proliferation with a tendency to keralolic 
papillomas, and often large cyst formations (see Figs. 5—6). 

4) More pronounced lesions, possibly in some places with atypical 
epithelium (see Figs. 7 — 8). 

The kidneys of three rats presenting bladder changes (I — 4, 1— a. 
HI — 9) were examined microscopically. Epithelial changes of the re- 
nal pelvis were missing. Same was the finding in two rats (I 2, III— 
10) with normal bladders. An unique case can be reported of diffuse 
metaplasia xvith cornification but without proliferation of the epithe- 
lium of the renal pelvis by normal bladder. (I — 7). 

For the reasons put forward in a previous paper (Ekman and 
Strombeck (9)) the lesions of grade 1 could not be definity as- 
cribed to the carcinogen employed. 

As epithelial lesions of the bladder similar to those obtained ner 
have also been demonstrated after administration of estrone 
diethylstilbestrol (6), the possibility of an estrogenic effect o 
has also been tested. In 4 rats, which during several months ^ 

on the same diet as group I in series C with administration o • S’ 
AAF, a generally normal series of vaginal smears has been o ) a 
during a period of 13 — 18 days. Thus no estrogenic effec cou 
demonstrated of AAF in the dosage used. 

Macroscopic lesions of the liver (cirrhosis, hepatomas) 
sent in about one half of all cases. They xvere more common m 
presenting epithelial bladder changes than in animals ui i " 
bladder epithelium. 
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Discussion. 

Acclaminofhiorcne has given liver clmnges in all 3 scries (A. B, C) 
of the material. In series A (where the animals (lid not get hladdci 
changes) liver changes developed on a dosage of 0.016 % and an cx- 
])eriment i)eriod of 162 days only on rice diet hut not on a comi)Ictc 
diet. On a dosage of 0.031 % they developed within 162 days both 
when rice diet was used as well as on a 211 "diet, and wcic moic ad* 
vanced on the complete diet. In scries B (])arahiosis) , in which bladder 
changes did not occur cither, the liver changes in the hypcrtro])ic 
right animal were more usual and more advanced than in the left 
partner and were macroscoi)icaliy visible already after 73 to 1;)7 days. 
In series C (Madison diet and low AAF-dosage = 0.015 %) the liver 
tumours were somewhat less risual hut seemed, in s])itc of the ex- 
periment period being longer in a number of cases, not to attain such 
a large quantitative development. 

The 3 series differ in regard to the occurrence of bladder changes. 
In the first two these arc completely missing whereas in the third they 
appear with great regularity. Tim ])arahiotic aniiimls. l)ought from 
an animal dealer in another i)lacc. must in this connection he left out 
of account. Series A and C, on the other hand, consist of rats from a 
strain, originally emanating from Coi)enhagen, which has been bred 
for some decades at the medico-chemical institute. I'rcsb breeding- 
stock has not been brought from outside during this j)criod. Spon- 
taneous tumours have been seldom observed during the latest len- 
j'car period. The animals in series A were horn in Dec. 19-11, those in 
material C in June, 1947. Simultaneously with these scries experiments 
were carried out with azotolucnc and m- and o-toluidine, which during 
both periods gave positive results concerning tumours of the bladder. 
Thus no essential difference in the animals’ constitutional tendency 
to bladder tumours would a]>imar to exist between the A and C scries. 

Dosage, experiment period and dietary distribution arc not entirely 
alike in two groups now comj)ared. In scries A (in which bladder tu- 
mours did not develop) 10 animals (all females) received 0.031 % AAF 
during 158 — 162 days (on an avcr.agc 161.6) and 10 others (also fe- 
males) 0.016 % AAF during 162 days. Thus the dosage for half of the 
animals is greater than in series C, in which tumours of the bladder 
were formed. There, instead, the cxj)criment period is usually longer. 

Only 9 animals in material C have died during the i)eriod of 150 200 

days. The average for them is 168.9 days. In these 9. however, bladder 
lesions were found in 7 animals: 

of grade 1 in 4 cases, after 169, 169, 177, 188 days 
- 2 - 2 - - 1.56, 165 

3-1 case - 166 

not at all - 2 cases 165, 165 
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Thus, lu spite of giving twice as big a dose of AAF to lintf the 
number of animals as to the animals on Madison diet in scries C, l.iad- 
der tumours have not developed in the rals on 211 and rice dioi'in 
series A. The experiment period was about the same in both series. 

Wilson et al, (2d) found that the animals receiving AAF for 75 
days or more developed their tumours in »about equal timcs« (227— 
295 d.). They observed carcinoma of the bladder in 3 animals aircadv 
after 194 d. 

The age is somewhat higher in serie.s A (average weight 184 g.) 
than in series C (average weight 135 g.). This difference ought not 
to be of any great importance. Wilson (24) has found the same re- 
sults in 440—612 days old animals, as in the animals where the feeding 
with AAF began »short{y after weaning«. 

In his first publication Wilson (22) stated that the toxicity of AAF 
was greater for males, for which reason solely females were used in 
series A. In series C, where as many males as females were used, no 
difference is found in the incidence of ejiithelial changes in ma!e.s and 
females. Wilson (23) also found that in 108 animals (53 males, 55 
females), which developed bladder tumours in 44 % and renal tn- 
mours in 7 % »the incidence and time of development of these bvo 
t 5 q)es of lesions were about the same in both se.xes«. Thus the c.sscnlial 
difference in. result behveen series A and C should depend on the did 
employed. 

If a comparison is made of the diets used, of which only the Madi- 
son diet gave tumours of the bladder, it is found that the supply of 
carbohydrate is covered in the Madison diet bj" gluco.se, and w holh 
the other diets essentially by rice flour. The supply of carhohyirates 
in all diets is sufficient from the calorific point of view, and tliere !.■; 
no reason to suppose that the kind of carbohydrate adniinis erci 
should play any part in the incidence of tumours. The glucose o if 
Madison diet has the definite advantage that we have in it a * 
substance without a varying mixture of unknown diet factoi's o . 

instance, the vitamin type. ,i,rmieh 

The supply of protein in the Madison and 211 diets occurs 
casein, ancl in the case of the latter through the protein con ei ^ 
rice flour. The protein content in the Madison diet amoun s ^ 
which lies considerably beneath optimum for growth (rougJ J ’ ' 
and in the 211 diet to 19.7 %. In the rice diet the prolcm con 
only 6,7 %, There the jirotcin is entirely' of vegetable 

In the question of fat, there also exist fundamental m , oii 

addition of fat in the Madison diet is entirety satis iet pjj. 

which amounts to 5 %. The 211 diet contains partly 
rice flour, and partly 3.7 % arachis oil. The total 
to about .5.4 %. The rice diet contains ca. 2.5 % fat. " 
from rice flour. 
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211 and Madison diets contain botii coinparal)lc and adcfiuatc salt 
mixtures. Addition of salt is not included in the rice diet. 

Comparisons between the vitamin content of Ibe diflercnt diets 
are very difficult, as only the Madison diet contains fully defined in- 
"redients. 

The vitamin B content is fully adequate in the 211 diet through 
a rich addition of yeast, which is conditioned in the rice diet by the 
rice flour’s probably changing content of group B vitamins and in the 
Madison diet by the addition of pure vitamin iircparations. Whether 
it be in the rice diet or the Madison diet the content of vitamin B is 
insufficient for normal growth. 

The supply of vitamin A is satisfactory in all diets from a quanti- 
tative point of view: yet there is the difference that the supply occurs 
only once a month in the Madison regime, but in the other diets it is 
more continual. This may possibly be of importance. The rat's ability 
to absorb and store occasional doses of vitamin A is considered limited 
(12). A low content of vitamin A al.so promotes the development of 
bladder tumours through ocstrone (16). 

The diet ingredients, which can be jiiaced in connection with the 
varying incidence of tumours, are evidently fat, protein and vitamins. 

It seems to be of considerable im]>orlancc that the Madison diet, 
which alone gives tumours of the bladder, is also the only diet to 
contain corn oil. As regards jirolcin the Madison diet lakes up an 
intermediary position; it has a higher protein ])erccntagc than the 
azotoluenc tumour-promoting rice-dicl, and a lower protein percentage 
than the azotoluene tumour-proleclivc 21 1 diet. Concerning the vitamin 
supply it is seen from the investigation of vaginal smears described 
above and from the control of the vitamin preparations carried out 
afterwards that there has been no deficit of vitamin A in the animals 
on the Madison diet. Group II in scries C received large quantities of 
riboflavine as addition to the Madison diet without any effect on the 
incidence of tumours. According to our in-cvious investigations ribo- 
flavine, in orders to exercise its full effect, ought to be combined with 
casein, and the casein content is relatively low in the Madison diet. 
On the other hand, tumours are absent in the rice diet group in which 
the riboflavine content is probably low and casein is entirely wanting. 

Thus of the diet factors, which are at present accessible for ana- 
lysis, it would appear that a certain importance should above all be 
ascribed to corn oil as concerns the differences in tumour incidence 
already observed. Corn oil, according to the Madison groiqi’s investi- 
gations, seems to have a direct tumour-promoting effect, when it is 
a question of the development of liver tumours after administration 
of p-dimcthylaminoazobenzene. Thus if corn oil was substituted for 
mineral oil no tumours developed. If the content of corn oil was raised 
from 5 % to 10 % a higher incidence of hepatoma was obtained. Our 
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experiments with AAF would appear to show that corn oil in the ril 
strain used is of no importance for the development of liver tumours 
hut may well he for tumours of the bladder. 


Summary. 

It has been possible to induce epithelial changes of the bladder 
(keratosis, papillomatosis) in a constant, but not pure, laboratory 
strain of albino rats by feeding with 0.015 % acetaminofluorene in a 
synthetic diet with a low protein (casein) content, containing corn 
oil and of relatively scanty vitamin content. Animats from the same 
strain had not developed lesions of the bladder, when the acclamino- 
fluorene was added in the same or larger doses to a complete diet 
(Hammarsten’s 211 diet) or rice diet with carrots added. Thus, in 
addition to the differences of strain mentioned in the literature, llie 
differences in diet would seem to explain the different tendencies lo 
tumours of the bladder on feeding with AAF. 

Lesions of the liver were obtained in the majority of the animals 
in all experimental series. Here diet also seems to play a certain part 
in their appearance and development. Acetaminofluorene has not 
shown any estrogenic qualities in the dosage used here. 
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Biaclclor lesions in nits feel 0,015 % uceUitriinofluorcii. Series 
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Not examined. 
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Fig. 1. 

The liver in rats, which have received 0.031 % acetaminofluorence in a rice 
diet (left column) and in a complete diet (right column), all during 162 days. 



Parabiotic animals, which have received 0.031 % acetaminofluo i/ilalcra! 
plete diet during 1Z2 days after the left partner has um 

nephrectomy. Liver lesions greater in right-hand am 
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Bladder lesions, grade 1, after 309 days' feeding on 0.015 % acetaminofluorcne 

rat 2—5. X 170 . 



Bladder lesions, grade 2, after 


Fiff- ' 1 . 

309 day.s’ feeding on 
rat, III— 7 . X 17 . 


0.015% 


acotaminofluorene. 




Fig. 5. 

Bladder lesions, grade 3, after 309 days’ feeding on 0.015 % acetaminofluovenc, 

rat I— 10. X 44. 


..J; ■„•■.#'' ■ ■ ••>- ' -ic-‘ '' -'■■■ . '■ 



Bladder lesions, grade 3. after 273 days’ feeding on 0.015% acetaminofluorenc. 

rat I — 11. X 170. 



Fi{i. 7. 

Bladder lesions, grade 1, after ;iOS days’ feeding on 0.0 1 o % acelaininofluorene 

rat 11—11. X .{.i. 



Bladder lesions, grade 1, after 


Fi;/. S. 

301 day.s’ feeding on 0.01,") Cp 
rat 111— f). X .14 


acotaininofluoi'ene, 


FROM THE INSTITUTE OF PATHOLOGY, LUKD 


HISTOLOGICAL INVESTIGATION OF THE RELATIVE 
FLUORESCENCE OF 3.4 BENZPYRENE, TAR, AND 9 . 10 - 
DIMETHYL-1.2-BENZANTHRACENE IN RABBIT-SKIN 

By C. G. Ahlsiroin ond N. B.'Bcry. 

(Received for publication December' 20tl), 1948.) 

Earlier investigations have shown that when 3.4-benzpyrene is ap- 
plied to the skin of a mouse, the carcinogenic agent or its fluorcscenf 
derivatives will fluoresce in the shape of perinuclear rings due pos- 
sibly to an accumulation of the agent in the mitochondria of the epi- 
dermal cells. This annular type of distribution has been observed in 
the cells of the epidermis of the interscapnlar region bul not in the 
skin of the ears, paws, or tail, where the reaction to benzpyrene dif- 
fers also in other respects (Ahhtrdm di Berg). 

The purpose of the present investigation was to attempt to ascert- 
ain whether the distribution of the fluorescence in rabbit-skin painted 
with benzpyrene would he similar to that in the skin of the mouse. 
Another purpose was to compare the distribution of the fluorescence 
of 3.4-bcnzpyrene, tar, and 9.10-dimethyl-1.2-benzanthraccne. As .kt- 
henzpyrene i.s but feebly carcinogenic in rabbit-skin and as tar and 
especially 9. 10-dimethyl-l. 2-benzanthracene have a relatively strong 
carcinogenic potency, it was belier'ed that a study of the relat'ne 
fluorescence of these three agents might be of interest. 


Methods and Material. 

The material consisted of white rabbits weighing 2000—3000 
Acetone solutions containing 0.5 per cent 3.4-l)cnzpyrenc, an • • 
dimethyl-1. 2-henzanthracenc, respectively, were used. The ‘ ’ p 
pvrcne.was manufactured by Hoffman la Roche, the 9.10-dime > 
benzanthracene by Prof. H. Lund, Aarhus. Denmark, and 
plied by Prof. J. Engcihreth-Holm. The tar was a horizontal 
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lar from Leeds, and ^Yas Icindly placed at our dis])osal in 1937 by 
Prof. R. D. Passey. 

The carcinogenic agents were applied to the inner surface ol llie 
ear and to the clipiicd liack of the animals. In several of the cxpeii- 
ments one and the same rabbit was painted with two carcinogens, 
for exainjile, tar on the inner surface of one car and the corresponding 
side of the back, and benzpyrene on the other ear and flank. Biopsies 
were punched from the ear with the aid of a lre])hinc, and excised 
from the painted dorsal areas, with a knife. The specimens were 
fixed in a 10 per cent solution of formalin, after which frozen sections 
10 microns in thickness were cut on the freezing microtome. Unstained 
sections were then studied under a Reichert Lux UV fluorescence 
microscope. Other parts of the excised s])ecimcns were fixed in Rc- 
gaud's gluid. In addition to routine staining with eosin, Regaud’s and 
Bensley’s mitochondrial staining methods were also employed. In 
contradistinction to earlier experience on mice, when Bensley's method 
produced the best results, Regaud’s method now ])rovcd the belter of 
the two for rabbits. 


Obscroalions. 

Fluorescence of normal rabbit-skin. The fluorescence of normal 
rabbit-skin essentially resembled that observable in normal mouse- 
skin. The epidermis had a dirty greyish-blue or greyish-green 
fluorescence, in which the cell nuclei were sometimes recognized in 
.the form of optically cm])fy spaces. The keratin and the hairs 
fluoresced faintly yellow. The dermis was of a faint, dirty greyish 
colour, whereas the elastic fibers were a])]iarcnt as rather distinct, 
yellow, twisted streaks. The elastic layers in th elarger blood vessels 
fluoresced yellowish-while. 


Reactions observed in rabbit-skin after the application of 
li.^f-benzpyrcne. 

The lluorcscencc of the skin after a single application of benz- 
pyrene was investigated on 7 rabbits. Biopsies were taken 2, 4, 8, 
19, 24, 36, 48, 60, 72, and 96 hours after the application. Three of the 
rabbits were re-painted on the previously painted areas of the skin a 
few minutes before death. Six rabbits were ])ainlcd 4 — 5 times at inter- 
vals of 4 daj's. In addition hereto lar and bcnzj)yrcnc, resj)cclivelv 
were applied to the opposite ear and flank of 4 other rabbits. 

As was the case in earlier experiments performed on mice, the 
benzpyrene was deposited on to the surface of the skin in the form of 
intensely fluorescent yellow or yellowish-green needle-like crystals. 
The keratin layer and the contents of the sebaceous glands fluoresced 
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brilliantly bluish-t,Mte. The tat dmplels i„ the aland, 

the cytoplasm a granular appearance, whereas the cell nuclei app/^roc 
as dark spots devoid of fluorescence. ^ 

The benzpyrene rapidly entered the epidermal cells. A few hour} 
after the application of the carcinogen the cytoplasm of the cells ir 
the^ stratum basale and spinosum exhibited a rather .strong violet oi 
bluish-violet fluorescence, which was diffusely distributed willuii lla 
■cytoplasm. It was not stronger in the perinuclear area than in (in 
peripheral zone. The ceil nuclei were apparent in the shape of ronni 
■ or oval empty spaces containing no fluorescent substance. The inter 



Pale, fiuoresceut rings around the nuclei within (he stratum imsait ’U« 
sjhnosum 3 days after a single application of Itf-benr.pyrDne. 


iellular bridges exhibited a rather marked whitish fluorescence, wlw i 
gradually merged into that of the keratin layer. The nuorcscencc re 
mained unchanged for the first 24 hours after the application n 
carcinogenic agent. No difference was delectable between the 
escence of the skin of the ears and that of the back. The , 

sue in Hie corium displayed a bluish-violet fluorescence, whereas (•* 
of the oar cartilage was brighter and sometimes whitish. 

After 24—48 hours the fluorescence began gradually to indc. ; 
the same time, however, a difference was delected bchrectr 
and inner zones of the cytoplasm, the fluorescence in the a cr 
liecoming slightly brighter than in the former (Fig. 1)- limes 

Already at the 24 hour-stage the nuclear membrane was 
invested with a thin coating of condense dfluorcscent tnnlcna . 
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almost seemed to impregnate the actual nuclear membrane. Usually, 
however, the perinuclear accumulation of the fluorescent substance 
was not visible until the second or third day after application. The 
perinuclear rings were by no means so distinct as in the skin of mice 
painted with benzpyrene, and were visible only in scattered cells, within 
the painted areas of the skin. No fluorescent granules were distinguish- 
able in the cytoplasm. After four days, only the keratin layers of the 
skin fluoresced. The ear and the back exhibited no' difference with 
respect to the intracytoplasmic distribution or persistence of the 
fluorescence. 

In the majority of cases an additional application of benzpyrene 
to the clipped areas immediately before the animal was killed evoked 
more conspicuous perinuclear rings. In some parts of the re-painted 
areas there appeared a strong perinuclear fluorescence, which was 
sometimes brighter around the basal poles of the cell nuclei. The distri- 
bution of the fluorescence was essentially similar to that observed in 
earlier experiments on mice, although it should be definitely iminted 
out that even after the repeated application of the carcinogenic agent 
the perinuclear arrangement in the rabbit was never distinct. The 
perinuclear rings manifest in rabbit-skin were haz5' and faint, and 
often observed only in a few scattered cells within the painted areas. 


Observations made on tarred rabbit-skin. 

Six rabbits were tarred 1 — 5 times and the fluorescence of the 
skin then studied. Biopsies were taken 1, 2, 3. 4, 6, and 8 days after 
the first application of the carcinogenic agent. When the tar was ap- 
plied several times to the same ai-eas. biopsies were taken 24 hours 
after the last tarring. 

In the fluorescence microscope the tarred skin gave a very colour- 
ful picture difficult to describe. The actual' tar had the appearance 
of a dark-brown or black crust on the surface of the skin. The under- 
lying keratin layers as well as the hairs and the sebaceous glands 
fluoresced bright yellow or yellowish-white. The fat droplets in the 
sebaceous gland cells were apparent in the form of distinct granules. 
The epidermis was rather bright greyish-blue or greenish-blue and 
differed markedly from the bluish-violet colour of the skin treated 
with benzpyrene. The intercellular bridges were white and distinctly 
separated the individual cells in the stratum spinosum and the stratum 
granulosum. The cell nuclei w^ere apparent as optically empty spaces. 
About 24 — 48 hours after the application of the tar the fluorescence 
around the nuclei began to increase in intensity. At the 24 hour stage 
the nuclei were surrounded by thin fluorescent rings closely encircling 
the nuclear membrane. About 48 hours after the application, however, 
the nuclei m the stratum basale, spinosum and granulosum were re- 
gularly enclosed by rather thick fluorescent rings, which were as a 
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Fia. 2. 

Bj-ight and tJjick fluorescent rings around Die nuclei sviDiin tiio slraium 
spinosum 48 lirs. after tarring. 

rule most distinct in the basal cell layers (Fig. 2). In addition hereto, 
the cytoplasm often contained small, rather bright yellowish-wliite 
fluorescent granules, localized in the immediate vicinity of the nuclei, 
often accumulated around the outer and inner nuclear ])oles (Fig. 3}. 
In the course of the following days the .fluorescence gradually faded 
and assumed a bluish-violet shade. On the 8th day after application 



•'■ a- «• -.1 jjfj. 

Perinuclear rings ami fluorescent granules irr Dio cytoplasm <- 

after the tarring. 
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of the tar the perinuclear rings, though faint, were still observable, 
and the fluorescence of the epithelium was only pale bluish-violet. 

Repeated applications of tar gave a more impressive fluorescent 
image. The epithelium fluoresced bright gray-blue-green and the cells 
within the stratum spinosum were circumscribed by thick, conspicuous 
greyish-blue rings. They were somewhat less pronounced around the 
cells within the stratum basale. In addition hereto, the cytoplasm, 
especially within the stratum basale, displayed numerous perinuclear 
accumulatioiis of fine granules with distinct bluish-white fluoi escence. 
With the continued application of tar these granules disappeared or 
became considerably scantier. The fluorescence of the perinuclear rings 
was not more intensive after three or four tarrings than it was after 
two. 

No difference was observed between the fluorescent image of the 
skin of the ear, and that of the back. 

Observations made on rabbit-skin after the application of 9.10- 
dimethyl-l. 2-benzanthracene. Compared with tar and benzpyrene, the 
fluorescence produced hj' 9.1 0-dimetbyl-l .2-benzanthracene was not 
only weak but it also faded on exposure to ultra violet rays. About 
12 — 24 after its application the.horny layers and the sebaceous cells 
fluoresced rather intensely bluish-white. The fluorescence of the epi- 
dermis was bluish-violet, but was however so dark that it was dif- 
ficult to distinguish the individual nuclei, which were apparent as 
round empty spots. The corium manifested its natural dirty greyish- 
green fluorescence; only the fibers were violet. On account of the weak 
fluorescence, within the epidermis it was difficult to analysis its di- 
stribution inside Ihe individual cells. However, about 24 hours after 
the application of the chemical to the surface of the skin, scattered 
fluorescent crescents or rings began to appear within some of epithe- 
lial cells (Fig. 4) in a few of which fluorescent granules were also 
observed. On the third day after painting the fluorescence in the epi- 
dermis was so faint that details could no longer be distinguished. 


Analysis of stained specimens from treated areas of the skin. 

The main purpose of the histological analysis of stained siiecimens 
was, as also in our earlier investigations on mice, to endeavour to 
investigate the substrate of the intracytoplasmic distribution of the 
fluorescence within the epithelial cells. General changes in rabbit-skin 
have been described in recent papers submitted by Linell (tar), Friede- 
wald & Rous (tar and benzpyrene), and Berenblum (9.10-dimethvI- 
1. 2-benzanthracene). 

Untreated skin taken from the ear or from the back was stained 
for fat and the cornified layers assumed a reddish-yellow colour in- 
dicating a high fat-content, possibly emanating from the sebaceous 
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glands. No stained lipoids were however apparent in the -icUi'il (-ti; 
dermal cells. During the first 24 hours after the application of l-ir h[ 
droplets or fat granules were observed in the cells within the stralum 
hasale and the spinosum. They were accumulated around llie nijcici 
especially at the poles of the latter. The fat granules corre.spondcd (o 
the fluorescent granules and droplets visible in the fluorescence mi- 
croscope. Repeated applications of tar were not followed by an in- 
crease in the number of the fluorescent granules and droplets, which 
as a rule disappeared 3 or 4 days after the tarring. No fat droplets 
were observed in skin treated rvith benzpyrene or i).]0-dinielhyl-1.2- 
benzanthracene. In this respect the picture differed from that presented 
by the skin of the mouse but agreed with the pictures in the fluorescent 
microscope, where hardly any fluorescent granules could he seen. 



Scattered fluosescent crescents and rings around tlio nuclei within 
epidermal cell.s after two applications of 9.10-clinictliyl ]. 2 -])cnzant naenu. 

In the present e.xperiments, as was also the case in earlier sludte. 
on mice, fat staining could not explain the perinuclear accuinii a ton 
of the fluorescence, whereas mitochondrial stains revealed 
information in this respect. Normal skin excised from the car or 
backs of rabbits manifested only' sparse mitochondria in Ibc 
few small granules scattered within some of the epithelial 
the api)lication of the carcinogenic agents a definite increase ^ 
number of mitochondria was observed, the increase varying a«or 
to the agent applied. The increase observed after the app 
l)cnzi)y'rene was hut slight. During the 2nd and 3rd day a Icr 
some of the cells in the stralum hasale and spinosum exhi u c( 
perinuclear accumulation of mitochondria, which were o 
as a grey' condensation of the cytoplasm aroxmd the niic ci- . 
densation tallied fairly' well with the faint perinuclear ) 
rings seen in the fluorescent microscope in some o I ic 
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repeated application of benzpyrene led to a numerical increase of the 
mitochondria, which was, however, never so conspicuous as in mouse- 
skin treated with benzpyrene. Also in other respects was the reaction 
of rahhit-skin to benzpyrene rather negligible. The epidermis showed 
only a slight increase in thickness, the individual cells were only 
slightly larger than normal, and the nuclear changes expressed by a 
swelling of the nuclei and enlargement of the nucleoli were insigni- 
ficant. 

Unlike benzpyrene, tar produced a pronounced reaction in rahhit- 
skin: 48 hours after being tarred the epithelium was hyper])lastic and 
slightly hyperkeratotic, and in the course of the subsequent days the 
hair follicles were transformed into cups lined with hyperplastic and 
hj'perkeratotic epithelium, and in some cases the border between the 
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basal cell layers show an iiicreactp in fno ^ ' e •’^"i^^nzanthracene the- 

cytoplasm a greyisb-blach colour. 
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■epithelium and the corium was irregular. Repeated applicalion.s of t >r 
■caused a gradual increase of these changes. The tarring of Uic skin 
was soon followed by a manifest increase in the number of milo 
chondria, which was rather substantial after 48—72 hours. The snito- 
chondrk, resembling fine granules, surrounded the miclci in the 
stratum basale and spinosum and gave the perinuclear zones of Ihe 
cytoplasm in these layers a greyish colour in specimens slained ad 
modum Regaud. The localization of the mitochondria corresponded 
to that of the fluorescent rings but the former were not so numerous 
as the thickness of the rings might suggest. Tar contains several 
fluorescent substances which may possess affinity not only for liie 
mitochondria but also for other c^oplasmic components in the peri- 
nuclear zone. Repeated applications of tar did not seem to Ije able to 
increase the number of mitochondria. On the contrary, they seem to 
decrease in. number as soon as the hyperplasia of the epithelium has 
reached a certain stage. 

The number of mitochondria in the epidermal cells, however, in- 
creased most after the application of 9.10-dimethyl-1.2'l)enzanlliracene. 
The production of but a slight hyperplasia of the epidermis caused 
a definite increase in the number of mitochondria in the basal cell 
layers, which became more obvious as the epithelium increased in 
thickness. The cells within the basalis and the basal layers of tbe 
stratum spinosum then showed a dense perinuclear accumulation of 
mitochondria, and in some cells they filled the whole of the cytoplasm 
(Fig. 5). None of the carcinogenic hydrocarbons tested caused such 
a conspicuous numerial increase of the mitochondria in the skin of 
the rabbits as did this substance. The reaction was much more intense 
than in the tarred areas, in spite of the fact that hyperplasia of tarred 
skin may at times be more severe after the same interval sulisequen 
to the application of the tar. 


Discussion. 

Of interest in the present investigation are the comparison beh'^ 
the fluorescence of benzpyrene in the skin of the mouse am a 
the rabbit, and, secondly, the comparative effect of 
cinogens on rabbit-skin. As regard.s the first comparison lie 
tion of benzpyrene in the mouse differed obviously from m i 
rabbit. In mice the benzpyrene accumulated in 
plasmic zones of the epidermal cells and produced distinct 
rings around tlie nuclei {Graffi; Hamperl, Graffi & hanger, . > 

A* Berg). In rabbits the benzpyrene soon entered the epi crm. 
but was diffusely distributed in the cytoplasm or showed on v a^^j 
tendency to accumulate around the nuclei. This seesus ® 
correlation with the fact that benzpyrene has a rather s ™ 
cinogenic activity in mouse-skin but a weak aclivilv m ra 
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A comparison of the different carcinogens tested on rabbit-skin also 
seems to suggest a certain correlation between the carcinogenicity and 
the ])erinuclcar accumulation of the agent. Tar, which is powerfully 
carcinogenic in rabbit-skin, produced a distinct perinuclear accumula- 
tion of the fluorescence. This was also the case with the strongly 
carcinogenic 9. 10-dimctbyl-l .2-benzanthracene. The analysis of the lat- 
ter substance was, however, difficult on account of the weak fluor- 
escence. 

In the rabbit, as was also the case in the mouse, the accumulation 
of the fluorescent substance around the nuclei was correlated with 
the number of mitochondria in the epidermal cells within the treated 
areas of the skin. The numerical increase of the mitochondria was 
hut slight after the application of benzpyrene, rather pronounced after 
treatment with tar, and very conspicuous after the skin had been 
painted with 9.10-dimcthyl-1.2-henzanthracene. The increase in the 
number of mitochondria is not, however, a specific carcinogenic re- 
action. The reaction has been described even when the skin has been 
treated with different non-carcinogenic agents (Berg). The varying 
degree of the reaction after treatment with various carcinogenic agents 
only indicates that different hydrocarbons have a varying proliferative 
effect on the epithelium of the skin. 

.Judging by earlier experiments performed on mice and rabbits, it 
seems probable that the i)crinuclcar fluorescent rings are due to an 
accumulation of the hydrocarbons or their fluorescent derivatives in 
the mitochondria. After the tarring the rings were more conspicuous 
and broader than might he expected from the number of mitochondria. 
This indicates that the perinuclear zones contain not only lipoids of 
the mitochondria hut also other cellular constitutents with affinity 
for the fluorescent components of the tar. The nature of these con- 
stitutents is not known. It is, however, remarkable that 9.10-dimethyl- 
1 .2-hcnzanthracene, which is the most powerful known carcinogen in 
rahhit-skin (Bcrenblum) , also produced the greatest increase in the 
number of the mitochondria. 


Siimmarij. 

Rahhit-skin, ])ainted with an 0.5 per cent solution of benzpyrene 
in acetone showed a diffuse bluish-violet fluorescence in the cytoplasm 
of the epidermal cells. About 24 — 48 hours after the application of 
the benzpyrene the fluorescence was only slightly stronger in the peri- 
nuclear zone of the cells than in the outer zone. This phenomenon is 
unlike the reaction of mouse-skin in which benzpyrene or its fluor- 
escent derivatives show a conspicuous perinuclear accumulation. 

Skin treated 24 — 48 hours previously with tar showed a greyish 
blue fluorescence in the cytoplasm of the epidermal cells and sparse 
fluorescent granules in the stratum basale and spinosum. In addition 
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hereto the perinuclear zone of the cytoplasm showed a rather strong 
bluish-white fluorescence. The fluorescent granules corresponded to 
fat droplets in the cytoplasm. Compared with benzpyrene and hir, 
h lO-dimethyl-l. 2-benzanthracene produced only a weak, dark violet 
'fluorescence in the epidermal cells. About 24 hours after the apphca- 
tion of this chemical however, fluorescent rings could be chstmguishcrt 

around the nuclei. , „ 

The significance of the findings and Uieir relation to the carcnio- 

genicity of the substances tested on rabbit-skin is discussed. 
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The object of this paper is to describe, by means of some inotlel 
es-periments, toxin-antitoxin reactions in solid and scnhsolid a[?ar 
media. 


ExpcrimcnUil. 

Most experiments were carried out with diphtheria toxin and aniitoxin. 
The former was culture filtrate of the strain PW 8, cultivated on Philippe 
Loiseau’s medium. The latter was scrum from a horse, immunized with toxin 
and toxoid from such a culture filtrate. Growing bacteria of the same strain 
were used ’in some of the tests instead of the toxin already produced in die 

filtrate. 



Firj. I. 
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On an immune serum agar plate, prepared as in test 2, the strain P\V S 
was spread The plate was incubated at 37°. After 24 hours a »halo« forraation 
appeared around the growing strain. This became more intense durinir the 
following clays. Fig. 5 shows such a »halo« formation 



Fig. S. 


• 1 o-ivpn varying results in to.vicity tests in 

A diphtheria strain which hac^ gnc ^ 

vivo was spread on a plate l«epaied as 

from a culture which J ‘ „Halo<( phenomena could he observed 

pigs. The plate was ' "“fng colonies whereas others showed 
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^ A bottom layer of ordinary agar was poured into a Petri disli Mitli high 
edges When it had congealed a mixture of horse scrum and ordinary meat 
infusion agar in equal parts was poured over it in a thin layer. Aftei le- 
frifferation a two em. strip was removed from the surface layer and replaeed 
bv^serum agar to which diphtheria immune serum (200 FlU/ml substrate) 
had been added. The plate was then inoculated with the strain P)' 
parallel streaks at right angles to the »trencli« and incubated at 3i . -'“C 
“>4 hours raylike precipitates were observed extending from the streaks ol 
bacteria Gradually these precipitates grew out peripherally and on meeting 
similar precipitates from adjacent strains, turned away from their original 
direction to confluate with them. Such precipitates interfering with eaeh 
other are shown in fig. 7. 



Fio. 7. 

Test 10. 

The same initial conditions were used as in the previous e.xperiment. On 
this plate, PW 8, one atoxic and three toxic diphtheria strains, tested on 
guinea pigs, were inoculated side by side. After incubation for a couple of 
days, precipitates were extending from all of the five strains, those from 
PW S and from the toxic strains interfering with each other, whereas those 
proceeding from the atoxic strain crossed the toxin-antitoxin streaks of the 
toxinproducing strains without being affected. They did, however, interfere 
with a weaker streak, proceeding from PW S. Interference and crossing 
phenomena of this kind are shown in fig. 8. 


Discussion. 

The reactions described above show a definite resemblance to floc- 
culation leactions between toxins and antitoxins observed during ex- 
peiiinents in tubes with liquid media. A certain time after mixing of 
the reacting substances the antigen-antibodj^ compound precipitates, 
first in tubes, where the components react in optimal proportions. 
Around this flocculation optimum, a weaker and slower flocculation 
appears within a limited zone. By further addition of either of the 
reacting substances it is possible to dissolve floccules already formed. 
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Fig. S. 


If, in tube tests, several antigen-antibody systems arc sinuillancously 
present, they react independently with regard to flocculation time, 
optimal proportions of the different sj^stems etc. and do not interfere 
with one another. With diphtheria toxin and immune scruin two dif- 
ferent flocculation optima are sometimes observed. One of the floc- 
culation reactions is a true toxin-antitoxin reaction and the other a 
so-called false flocculation, with a possible participation of a hacterial 
antigen and a corresponding antibody — A- and E-flocculatioii ac- 
cording to Schmidt and Scholz (7). 

In diffusion tests in agar gels with diphtheria toxins and anti- 
toxins, the distinct streaklike precipitation appears to he of lo.xin- 
antitoxin character, since it does not appear, if the toxin has been 
destroyed before the experiment, e. g. by heating. The position of the 
toxin-antitoxin streak in the diffusion medium is probably influenccc 
by such factors as where optimal proportions between antif^ens am 
antibodies appear, the time necessary for the formation of a xisne 
precipitate and the concentration — threshold value — of the rc.iction. 
In immune serum which contains several kinds of antibodies icsn 
antitoxin multiple precipitates appear, somewhat less distinct hovexer. 
than the toxin-antitoxin reaction. In the diphtheria immune 
amined, up to four antibody components beside antitoxin ^ ^ 
detected. By absorption of immune serum with ajiropriatc an 
selective disappearance of the corresponding streaks of the prcci] i 
tion spectrum was achieved. . , 

The toxin-antitoxin precipitate in the agar seems to dpc. 

excess of one of the reacting substances, as is the case 
culcs in liquid media. This phenomenon may possibly exp am 
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suits in lest 3, where by a further addition of toxin, the radius of 
the »halo« increased considerably during the course of the experiinent. 

Tests 9 and 10 show that adjacent reactions between reacting 
substances of the same kind affect each other in such a way that the 
streaklike precipitations interfere with one another. 1 hat is not the 
case in antigen-antibody reactions of different kinds, where so-called 
crossphenoinena appear instead. It is possible with the help of these 
interference- and crossreactions, to demonstrate serological diftercncc 
or identity between different i)recipilating or flocculating substances. 



When antigens and antibodies diffuse at right angles to each other, 
it was furthermore noticed that there were only moderate variations 
in the angle formed by the precipitation streak with the directions of 
diffusion. For ai)proximately equivalent quantities of toxin and anti- 
toxin, as in test 8, the angle to the diffusion direction of the toxin 
was 38° — 39°. In multijile reactions it was observed that the angle 
for other precipitations differed in certain cases from that of tlie 
toxin-antitoxin reaction. Most often the origin of the precipitation 
streak also varied. The size of the angle and the situation of its vertex 
seemed to depend on such factors as the concentration, the diffusion 
velocity of the reacting substances and the ])roportions in which they 
combine. 

As regards the sensitivity of the precipitation reaction in agar be- 
tween diphtheria toxin and antitoxin it may he mentioned that visible, 
clearly defined streaks apjicared in concentrations down to one 
FlU/ml. 

The quantitative conditions of the rcactioji are dcjnonslraicd 
schematically in fig. 9. Toxin of a strength of T, and T, diffuse in 
media with a varying antitoxin content A, to A.. The reaction is ])rc- 
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sumed to appear at determined optimal concentrations of T 'md t 
Optimal concentration in this method does not nccessarilv mcaa lU 
same as optimal ratio in tube flocculation. The cxamni; "iron Ho 
monstrates the following, ' 

Toxin with a lower strength than T, does not give anv visible 
reaction in the medium with the content of antitoxin A,, lower tba,, 
i\ none in and so on, down to the sensitivity limit of the rcaclion 
which is about one FlU/ml. 

With an antitoxin content of toxin strength gives a reaction 
farther awaj"" from the diffusion centre than with an antitoxin conlcnl 
of A^. Toxin of the same strength in media with successively lower 
content of antitoxin gives a precipitation more and more periidicrally 
situated. 

With an antitoxin content of A,, toxin of strength T. give.s a more 
peripheral reaction than toxin of strength T^. With a constant content 
of antitoxin, the stronger the toxin tested, the more poriplicrai the 
reaction. 

The examples illustrate that the concentration of the reacting sub- 
stances are of decisive importance for whether and where the reacliow 
will appear. Furthermore if the concentration of one of the substances 
is knoxvn, it is even possible, under certain conditions, to estimate the 
other substance quantitatively. 

The application of the diffusion method thus also affords a pos- 
sihilils'’ of making a quantitative comparison between the loxinprodu- 
cing capacity of different diphtheria strains. The more strongly toxin- 
producing the tested strain is, in the higher concentration of immune 
serum docs it give a positive reaction. 

According to the facts stated above it is imjiorlant to choose suit- 
able concentrations of immune serum in' the diffusion moiiium to 
obtain visible reactions. Since in practice there is often vers liltic or 
nothing known about the toxinproducing capacity of the strains to 
he tested, it may he difficult to choose the adequate immune scrum 
concentrations on using media with a constant content of antitoxin. 
A simple way of obtaining varying concentrations in the same mci iniii 
within definite limits is, however, to allow the antibody to dif 
a suJi.slralc, c. g. from a trench (tests 9 and 10) and to T 

diffusion direction of the antigen at right angles to the anti 
method does not. it is true, give the same possibility of es ima 'n. 
quantitatively the toxinproducing capacity of the growing 
hut it ncvorthelcss offers other advantages. The s‘nnplicit> a a i ^ 
suitable immune scrum concentrations has already been c 
Furthermore, interference and crossreactions with known 
contrihute to more rapid and more conclusix'c results, ^ 
venient way to register the antigen comjioncnls found h> 
is to note their interference and crossing with known an igc 
the iiosilion in relation to the toxin-antitoxin reaction as wc 
angle to the diffusion direction of one of the componen s. 



Tetanus bacilli, toxin and toxoid, fjas ganf,'rcne bacilli and toxin. 
]incuinococci and Dick toxin Iroin streptococci bave been tested by tbc 
same method and with similar results. Tbc results of these investiga- 
tions will be published later. 


Sitmnutnj. 

Certain species of antif'cn-antibody reactions, c. f;. between dii)h- 
tberia toxin and antitoxin, may be made visible by allowing the sub- 
stances to diffuse towards each other in a suitable gel, for example 
agar. Depending on such factors as combining ])roporlions. concen- 
tration and diffusion velocity of the two components, streak- or band- 
like ])rccipitalcs appear when the diffusion in the gel is suitably ar- 
ranged. Combined with absorjilion methods, the diffusion method with 
interference and crossreactions allows «pialilativc antigen-antibody 
analyses. Quantitative classifications, within certain limits, are also 
feasible. 
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IX \'ITRO METHOD FOR TESTING THE TOXIN- 
PRODUCING CO.PACITV OF DIPHTHERIA BACTERIA 


Hy ilr.ftn 




;or iniWiiMiion Ociol'cr 3U:. l?ix’ 


The object 01 this invo>lig;';tion was to ]'>roiiuee an laesaensive- 
ssnipkA rapid and reliablo in vitro raelhoti for the eislirastion of the 
loxinproducing capacity of diphtheria bacteria. The niethed ir. Gnestier. 

based on observations of toxin-antitoxin reactions in seVui and senn- 
soiid media <sec the j'recedir.s: paper'. .\n acconnt wi’l be pven in 
this paper of tlie in vitro technique and its resnits as eemrared with 
in \ivo tests. 

The' material tested consisted of 2.0ott strains of CorAnebsctenani 
diphtheriae. Most of them were freshly isolated frera throat and r..\<^e 
swabs, sent to the Dijditheria Doparlmenl of the Slate Bacter:o'oih.v.i 
Lahonilory for baclerioioyical examination. Clauberg-Horrniann s so- 
called indicator plates i dexlrose-walerblue> containing OA'S A potas- 
sium tellurite were used as a selective mediuni sTr the priro.ary caia- 
vation of the organisms. From this meduun suspected coloracs were 
enitivated on 10 C- sheep Wood agar. The diphUretia, tyP'^ 
fled on the basis of the apj'ear;?nce of the colonics, haemesysis ar.o. 
llieir capacity of fermenting the carhohydrtiles. dextrose, sizcroso — 
starch. In dubious cases other media as well, e, g. Me Leod s, were ' 
for the classification of types. The distribution according to t>ix-'- ci 
the investigated material was o.b C- gravis. 0.6 A- interraeaius 
Oo.O A- miiis. The loxinproducing capacity of all stnrins was tesUv. 
means of subcutaneous inoculation into giunea. pigs- Ihire 
were seeded in tubes with 10 A- serum broth ivud incubated mr 
hours at d7- C. in an oblique position. From such a ciuW^ 1 
then inocuiatod subcutaneously into guinea pigs of abom ^ol 
animals died a post-mortem was made and toxic lesions in r 
were registered. Surviving animals were observed tor six to £• 
after the inoculation. 


The in vitro method, which was tested in sovenil win.iuoits 


< saraui- 
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laneously with in vivo tests, is based on the observation that specific 
precipitates of toxin-antitoxin character appear when toxinproducing 
diphtheria bacteria grow on solid substrates containing a suitalde 
quantity of immune serum. A more detailed account of this reaction 
has been given by the present author in the preceding paper. In the 
present investigation those strains were registered as toxinproducing, 
which gave rise to specific toxin-antitoxin or »halo« i)recipitations. Two 
immune sera were used, »Juno« with 450 FlU/ml and »Ljung« with 
610 FlU/ml. Both were Obtained from horses immunized in the usual 
way with diphtheria toxoid and toxin. No preservative was added to 
the sera, nor had they been heated. 

Petri dishes of glass about 10 cm. in diameter and usually witb high 
edges were used in all in vitro tests. A thin layer of 1.5 to 2 % meat 
infusion agar or water agar was poured into the dishes to compensate 
unevenesses of the bottoms. A satisfactory ])lain layer was tbus ob- 
tained. Serum agar consisting of 1.5 to 1.75 % meat infusion agar 
mixed witb 30 to 50 % cow or horse scrum was jioured into the dishes 
as a surface layer. Suitable quantities of dipbtberia immune serum 
were then added to tbe surface layer in different ways. With regard 
to these variations of the technique tbe material bas been divided into 
seven groups. 

The following method, called the »S« method, was used for group 
1 to 3. Varying quantities of immune serum were added to the surface 
layer before pouring, so that a series of plates with different concen- 
tration of antitoxin (40 to 0.63 FlU/ml medium) was obtained for each 
test. Four to six strains, as well as a strong toxinproducing strain 
PW 8 as a control, were then inoculated on each plate. The plates were 
incubated at 37° C. and read after 48 and 96 hours. After one and 
two weeks more in room temperature, the plates were again controlled. 
»Halo« phenomena of toxin-antitoxin character around tbe colonies 
were registered as a positive reaction. 

The following method, called the »X« method, was used for groups 
3 to 7. The surface layer of the plates was provided with a suitable 
content of antitoxin by letting the antibody diffuse from a trench con- 
taining serum agar to which immune serum had been added. The con- 
tent of antitoxin in the trench varied for different tests (300, 90 and 
40 FlU/ml medium). The strains to be tested were inoculated in paral- 
lel streaks at right angles to and across the trench. At least one streak, 
of strain PW 8 was included in each plate as a control. The plates 
were inenbated at 37° and read after 24, 48, 72 and 96 hours. By this 
method positive reactions appeared as thin raylike precipitates ex- 
tending from the streaks of bacteria. 

With the »S« method, the number of plates used, depending on 
the extent of the plate series (5 to 7 concentrations and a control plate 
AviPiout immune serum), was one to two plates for each strain tested. 
With the »X« method the number was considerably lower, since four 
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same 


''’ell as the control were inoculated on the 

As lo the modifications of the plate method used in the different 
test gioups, llie following observations were made. 

In the first group 237 strains were tested by the »S« method Seven 
antitoxin concentrations, 12.5 — 10.0 — 7.5 — 5.0 ~ 2,5 — i 3 _ 
0.6 FfU/ml medium were used. In 92 % of the 126 toxic "strains a no- 
.sitivc reaction appeared within 48 hours, and in 8 % in 96 hours. No 
further iiositive reactions were oliscrved on control of the plates after 
one and two weeks more. The highest antitoxin concentration of the 
medium in which specific »halo« reactions were observed was P 6 
FlU/ml in 31.7 %, Ifl.fl in 29.4 %, 7.5 in 21.4 %, 5.0 in 10.3 %, 2 . 5 'in 
6.3 % and 1.3 in 0.8 %. None of the strains had 0.63 FlU/ml as its 
highest reaction value. Calculated on the antitoxin concentrations 19 
— 5 — 2,5 — 1.25 FlU/ml the majority of the strains showed a reac- 
tion in two or three consecutive serum concentrations. More exactly, 
in 1 4 % the zone width was one, in 65 % two and in 22 % three conse- 
cutive concentrations. 

In order lo find out the influence of potassium tellurite on the 
loxinproducing capacity of dijihtheria bacteria, 308 strains — the se- 
cond group — were tested simultaneously with the »S« method in two 
variations — media with and without potassium tellurite (St and S). 
Five antitoxin concentrations 40 — 20 — 10 — 5 — 2.5 FlU/ml were 
used. The potassium tellurite content used was 0.16 % or twice the 
quantity of the highest content in ordinary diphtheria selective media 
(Claubcrg-Herrmann 0.08 %, Me Leod 0.04 %, Clauberg H 0.035 %, 
Gundel and Tietz 0.033 %, Neill 0.02 % and Hoyle 0.01 %). The loss 
percentage as compared with in vivo tests (S — 2 % and St — 3%) 
showed no significant difference between the tw'o media (200 toxic 


Table L 


Immune seriini j 

— 



i 


p 

Toial : 

i 

j 

concentration | 

FlU/ml medium 

S 40 

; 1 
j 

1 S20 

S 10 

i 

i 

S5 1 

j 1 

S 2.5 


St 40 
St 20 
St 10 
St 5 
St 2.5 


C 

42 

43 
6 


6 

15 

39 

7 


1 

4 

15 


13 
61 
98 

14 


7.0 

32.8 

52.7 

7.5 


Total 

% 


2 

1.1 


97 

52.1 


07 

36.0 


20 

10,8 


186 


Group 2. Highest concentration of antitoxin giving positiic 
reaction. 186 toxic strains. 

St and S = S technique with and without fellunt . 
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strains tested). The time for ai)i)carancc of positive reactions was also 
approximately the same — -18 liours S in 83 %. St in 81 % nnd 96 
liours S 17 St 19 %. After 96 lioiirs no further jmsitivc reactions 
vvere observed during a week of continued control. As regards the 
highest antitoxin concentration in which positive reactions were ol)- 
served (table 1), there existed a positive correlation between the two 
medias tested, with a slight displacement towards a higher concen- 
tration for the medium without tellurite. 'J'hc zone width of tlie toxin 
reaction of the strains also corrcsiiondcd in the two media (table 2). 


Tiibh- i. 


r.onsccutive dilu- 
lions giving posi- 
tive reaction 

S 1 j 

1 

1 

2 

! 3 

1 

•* j 

Total 

•',0 

St 1 

1i 

oo 

11 

I 

.18 

2.‘).3 

O 

21 

12 

.•!;i 

O 

101 

.53.1 


fi 

20 

10 

1 

37 

19.5 

l 


1 



1 

2.7 

Total 

11 

88 

•ll 

1 

190 


To 

2.'] .2 

lt>.3 

28.1 

2.1 




(Irotiit 2. /'one width of positive reactions, 
190 toxic .siraitis. 


The majority showed reaction in two or more consecutive concentra- 
tions — S 77.9 re. St 71.7 fe. 


In the third test group, containing 283 strains, a comparison was 
made between the i'S« and the iX< methods. On the -- Sc j)lates the 
same contcnl of antitoxin was used as in grouj) 2. In the sXc method 
a content of antitoxin 90 FlU/ml medium was used in the trench. As 
to the loss percentage — S 1.1 r-. X„„ 2.6 % — no significant difference 
between the sS-j and tlie >Xc methods was observed for these 188 
primary positive strains. 

Since the ^Xc method was found to he very convenient for routine 
work, it was used alone in the fourth test group, consisting of -100 
strains. The loss percentage for X„„ was 3.3 % of 16-1 primary ])osilive 
strains. 


In the fifth group, containing 285 strains, double tests were i)cr- 
formed with the .X^ method (X,,„). The strains were tested primarily 
from the pure culture as in the previous groups, and again simultane- 
ously with the guinea pig test and with the idcntic.al scrum broth 
culture used for this in vivo lest (X„„ and X„„G). On the primarv tests 
of 1-0 toxic strains the loss percentage was 3.3 % with the >'Xc me- 
thod. Xo difference between the results of X„„ and X,„G could he oh- 
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In order to investigate the presence and the frequency of precini 
tation reactions of non toxin-antitoxin character — so-called »false< 
toxicity reactions — the »X« method with two different antitoxin con- 
centrations in the trenches — 300 and 40 FlU/ml substrate (X X ) 
— was used in the sixth group, consisting of 310 strains. For identifi- 
cation of the true toxin reactions, interference phenomenon, with a 
definite toxin reaction from strain PW 8, was used. This strain was 
inoculated at the same time and side by side to each strain which was 
to be tested. In 147 toxic strains tested the loss percentage was 13.6 % 
for ^.300 ^od 5.5 % for X^q. The use of a higher content of antitoxin in 
the trench caused a number of precipitation reactions, which were not 
of toxin-antitoxin character. Xj^^ xvith 320 strains tested, showed such 
»false« reactions in 46 %. The corresponding value for X^^ with 310 
strains tested was 13 %. With such reactions were observed in 
both toxic and atoxic strains. With X^„, however, they only occurred 
in atoxic strains (table 3). 


'fable 3. 



j - X41 

X 300 


Toxic 

! Non- 1 
toxic 

1 

[ Total 

i 

Toxic 

! Non- 
Toxic 

1 Tolal 

Number of 
tested strains 

141 

169 

310 

127 

103 

320 

Frequency of 
)>false» reactions 

— 

39 

39 

65 

81 

1-iC 

% 



13 



m 


Group 6. Frequency of »false« reactions. 
310—320 tested strains. 


In the seventh test group, containing 216 strains, the »X« me io( 
was employed with 40 FlU/ml. Of 134 primary 2 msitive strains tie oss 

}3ercentage was 9.0 % with X^^. _ . ..., 

In 712 toxic strains tested (groups 3 to 7) positive reactmns \'i 
the »X« method — X,„ — appeared in 48 hours in 92.3 % anc 

96 hours in 7.7 %. In the groups 5 to 7, where readings ^ 

daily, the corresponding figures for 399 toxic strains were. - 
in 51.5 %, 48 hours in 39.3 %, 72 hours in 6.8 % and 9 
2.4 %. With the »X« method it was thus possible to read a little 
than nine tenths of the positive reactions after 48 
than half of the reactions after 24 hours. This demonstra es 
satisfactory agreement between the »S« and the >>X« me lo s. ^ 

A summary of the results of comparative in * strains 

for all seven test groups is shown in tables 4, 5 and . • 

tested about one half was found to be toxic and e o le 
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ruble 'i. 


Comparison between guinea pig test and plate method. 
Results of primary tests. 


■ 

Method 

Number 
of strains 

j 

I’-r 

G- 

P- 

•r- 

G+ 

G-:- 

P+ 

1. 

G 









S 

237 

113 

104 

12 

8 

2, 

G 









St 

308 

183 

lOG 


6 

13 

3. 

G 









S, Xno 

283 

181 

o: 

3 


5 

2 

5. 

G 









Xuo 

•100 

1.57 

23G 


2 

5 

5. 

G 









Xon, Xho 

285 

112 

1C5 


4 

4 

G. 

G 









Xiioo, Xio 310 

133 

165 


4 

8 

7. 

G 









X-IH 

21 G 

121 

82 

12 

1 

Total 

2.039 

1.000 



41 

% 



49.0 


■ 

2.2 


G 

= Guinea pig test 







P 

= plate method 







S 

= series of plates with successive dilution 

of immune serum 

St 

= do. + tellurite 







X 

= trench plate 










Table 5. 







Comparison between guinea i)ig 

lest ami 

plate 

method. 




Loss percentage of primary tests. 









1 



P-1- 






1 








1 








Number 

“'0 

Number 

j ( 

',0 

1. 

133 

8 

6.0 

l: 

5 

9.1 


► 

202 

13 

6.4 

1 

J 


1.9 

3. 

188 

2 

1.1 


3 

2.6 

i. 

IGi 

5 

3.0 

2 

1.2 


). 

120 

4 

3.3 


i 

3.3 

G. 

145 

8 

5.5 


4 

2.8 

7. 

134 

1 

0.7 

i; 

2 

9.0 

Total 

1.086 

41 


45 

4.1 


G = guinea pig test 
P = plate method 
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Tfiblc 6, 

Comparison between guinea pig tost and ptatc method. 
Result of >-.n.ared tests of the stvalns nou-con-esponding in P^ntary 


Group 


1 Result of 
1 repeated 
> test 


Result of 
repeated test 


i Result of 


priniarY 

test 


Result of 
repeated !;»! 


p^ Ig-VP-t 


G = guinea pig test 
P = plate nretbod 

A tatk of coftormily between S 

observed in Uie primary tests on ‘ ^ tests ^ve^e regtskTcd 

malcrial. Posilive 1 088 slratos q” „« 

”lTroTone rf U«, nelbods ta primary ^ 

reaeaob b brtl ojj^ ,«t a^d to « ; 

Strains 41 (o.S ^ tbc figures variea 

plate test. In Uie and for uegafw*. V 

between 1.2 .o and ' between the two gg .trains 

'‘'°Tyble fS es lhe ‘^^airfon ot to *. 

divergent - -d” b- ft 

and in vHro tests Th>s nith the same techmtoto 

cultures of tiie strains i Q . vras repeated one 

primary IcsUng. Tl'e ““''' ^bincd yi® both htoi''? *' jnUs to W- 
nntil unitorro results -sc : ^^.7 To Save ' _j io be »*»«' 

the first animal remainder seas t™"'* “ “c S-"' 

loering animal “"<> P’"'® armmrilv piateposilive 
in holt, tests. O ^e.fVfSfnd plate lesto ""““'Lufmel"*' 
positive results m both ammal an P 

U repeated. The /“j Urc pilmW Tvamtototo" 

The tact U.at only *<>'"; snpplementoey as 

tosleitl- etaesiMons «re 

can he explained m d ffcrehl - ^^ich nngbt can. 

in in vitro methods, source. 
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results. More important in this connection, however, seems to be the 
variability of the diphtheria bacteria as to toxinproducing capacity. 
Primarily toxic strains with a great tendency to dissociate in atoxic 
variants often give negative toxicity results on repeated examination, 
since there are great iiossibilities that atoxic bacteria only are trans- 
ferred in passages. In the preceding paper of the author, this opinion 
is also supported hj' the results of test number 7, in which the dis- 
sociation of a strain into toxic and atoxic variants was demonstrated 
by presence or absence of »halo« around single colonies when the 
strain was spread on a solid medium containing immune serum. 

Finally, as regards tests on guinea pigs, a survey has been made 
concerning the survival time of the animals in definitely positive toxin 
reactions. A total of 1.045 strains p.athogenic to guinea pigs were re- 
gistered. 54.2 % caused death in 24 hours, 37.8 % in 48 hours, 6.1 % 


Table 7. 



Guinea pig 

2 days 

Guinea pig 

4 days 

Total 

"at 

Plate 

2 days 

59 i 

G3 

G57 

92.2 

Plato 

4 days 

47 

8 

55 

7.8 

Total 

Gil 

71 

712 


% 

90.0 

10.0 




Group 3 — 7. Time of positive reaction. 

Guinea pig and plate test. 


Table S. 



G 

G 

G 

G 

Total 



1 day 

2 days 

3 days 

4 days 

“/o 

X 







1 day 

X 

87 

77 

21 

5 

190 

51.5 

2 days 

X 

G3 

71 

8 

3 

145 

39.3 

3 days 

X 

12 

8 

5 

— 

25 

G.8 

4 days 

7 

1 

— 

1 

9 

2.4 

Total 

% 

1G9 

45.8 

157 

42.6 

34 

9.2 

9 

2.4 ■ 

369 



Gi oup S 7. Time of positive reaction. 


Guinea pig and plate test /X technique/. 
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in 72 hours and 1.8 % in 96 hours. In 0.7 % the animals survived for 
more than 4 and up to 9 days. 

Somewhat more than 90 % of the positive tests on guinea pigs 
showed results within 48 hours. 

Considered the fact that in vivo tests include two days’ cultivation 
in fluid medium, it is obvious that application of the in vitro technique 
in the diagnostic routine saves not only animals but time as well, the 
gain being approximately 48 hours. 

Finally, the times required by individual strains to give positive 
results with the two methods were compared (tables 7 and 8). Of the 
712 toxic strains from groups 3 to 7, — 594 showed early reactions 
(within 48 hours) with both methods. 8 gave consistently late reac- 
tions, whereas 110 (15.4 %) behaved irregularly. A similar agreement 
was found in a separate analysis of the results from the groups 5 to i 
w’ith 369 toxic strains, where a more detailed study was possible, 
readings having been made with 24 hours’ intervals. 

Summary. 

A toxin-antitoxin reaction in agar medium is elaborated as a rou- 
tine toxicity test of diphtheria bacteria. In this plate method inter- 
ference and cross reactions with known toxin producing strains make 
it possible to differentiate between true and »false« toxin reactions. 
The reliability of the in vitro method is approximately the same as 
that of in vivo tests on guinea pigs. 
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THE PATHOLOGY OF LAURENCE-MOON-BIEDL 

SYNDROME 

By Svcn-Olof Uratlijfird. 

(Received for pul)licalion January 3rd, 1919.) 

The Laurence-Moon-BiedP *’ ) syndrome comprises the following 
five symptoms; 

1. Obesity, 

2. Hypogenitalism, 

3. Mental deficiency, 

4. Eye changes of retinitis ])igmentosa type, and 

5. Syndactyly or polydactyly. 

Of the some 300 cases of this disease hitherto reported in the lite- 
rature only seven are autopsies (u. Bogacri & Borremnns^) , Loepp'), 
Griffiths^'}, Riggs'^’’"), Radner^), and Anderson^) . The first case re- 
ported in 1936 by Bogaert & Borremans, included neither retinitis pig- 
mentosa nor syn- or polydactyly. Of the post mortem findings, only 
those of the cranial cavity arc mentioned. Polydactyly was also 
lacking in Loepp's case, and the only reported findings are those in 
the sella turcica. Riggs gives a very incomplete clinical description of 
her two cases, and also her account of the autopsj’ findings is in- 
complete. In 1938 Griffiths published an autopsy case with a complete 
Laurence-Moon-Biedl (LMB) syndrome. The brain was carefully exa- 
mined as was also the pituitary gland, but no cellular count was 
made. Here, however, as in other publications hitherto, no report is 
given of the histopathological changes of the eyes. In his communica- 
tion Radner mentions the post mortem examination of a sister of the 
patient described in the following. Unfortunately the cranium was not 
opened. The most complete of all the autopsies seems to be the one 
performed by Norman La Rue Anderson (1941). The case was a full 
LMB-syndrome, and the pituitary gland as well as the brain was 
thoroughly examined, but unfortunately not the eyes. 

As the etiology and the pathology of the LMB-syndrome have not 
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yet been properly explained the publication of thorough auloasies is 
highly warranted. The anatomical changes of greatest interest are 
above all those occurring in the brain, especially in the hypothalamus 
the pituitary gland, and in the eyes. The skeletal and internal mal- 
formations often attending this disease, and the correlation of sudi 
malformations with the more central pathological changes also merit 
special attention. 


The case described in the following is the younger sister of the 
autopsy case published by Radner (1940), who describes the heredi- 
tary and clinical pictures of the two sisters. 


The sisters were born in 1907 and 1911 respectively. Earlier generations 
showed no evidence of anything pathological. The sisters were the third and 
fifth of six children. They had had an older sister with polydactyli and atresia 
ani, but she had died immediately after birth. Tire second and fourth children, 
who were boys, W'ere apparently quite healthy. Tlie sixth child, also a hoy 
and likewise with polydactyly, died in infancy. 

The older of the two sisters examined (G. N.) had adiposity, most pro- 
nounced around the trunk. Her sexual cycle was at first normal, but townrd.s 
the end of her life she had had a constant uterine hemorrliage. Mentally, she 
had always been somewhat backward. At the age of fifteen her vision began 
to fail, and retinitis pigmentosa was diagnosed. She had small hands, stumpy 
fingers, and a supernumerary toe of postaxial type on cither foot. In the 
spring of 1937 pyelitis developed, and a few months later she died witli clinical 
symptoms of uremia. Autopsy revealed a moderate enlargement of the left 
heart, and an excessive shrinkage and cicatrization of the kidneys, the de- 
marcation between the cortex and medulla being obliterated. The kidneys 
presented a picture of chronic glomerulonephritis. Double uterus aiut vagina. 
The cranium was not opened. Autopsy disclosed no further findiugs of 


interest. 

The younger of the two sisters (A. N.). whose autopsy will be dealt nil i 
further down, was very adipose, especially around the trunk. This fat hat 
initially begun to accumulate rvhen she xvas seven years of age. 
her menarche at 20 yrs. In the beginning her sexual cycle was norma ( 
day/4 — 6 week type) but later the interval became longer. During the a 
year of her life she had had a constant trickling uterine liemorrhage. i 
uterus was repeatedly curetted, and histopathological examinations 
diagnosis «slight degree of cystic glandular hyperplasia#. 'i'qj- 

hemorrhage did not subside, roentgen-castration was performed in i o^. . 
hut the hemorrhage still persisted. Her standard of intelligence teste ac 
dum Wahlen was found to be that of a nine-year old child- 
was alternately hot-tempered and violent, and insinuatingly obliging- 
amination of her eyes showed (Med. Dr. Stig Holm): Eye movenicn ’ 
co-ordinated. No pathological nystagmus. Pupils equal ° 

size, regular, react well to light. Ophth.: yellowish, indefinite^ cc 
papillas with thread-like vessels. In the periphery numerous . jg. 

predominatingly resembling the »bone corpuscles# seen in le ” ' 
mentosa. Fundus oculi gale greyish marbled, quite certainly clue o 
atrophy. The medias clear. Strabismus divergens oculi sinisti i, a - 
pear to he concomitent. The patient exhibits a peculiar c „ ji/, m. 

left eye. Ptosis is not present. Vision, right eye — fingei cou - 

Vision, left eye = finger counting 1 m. Field of vismn ,, = 

termined. Skiascopy right eye = 1.5 dptr. 'DTei'opm. Skms ! . ,vas nml- 
1.0 dptr. hyperopia. Tonus - 18 mm. Hg. both eyes. The skeleton uas 



formed inasmuch as the liands, especially the phalanges, were ahnorma ly 
short. Radiograms of the hands showed no evidence of supernumery skeletal 
parts. Each foot had six toes, the supernumerary being of postaxial type. 
The feet were conspicuously small. The radiograms revealed short metatarsal 
phalanges, especially the sixth phalang. The fifth metatarsal was stumpy and 

had two caput-like formations, againstwhicli the fifth metatarsal and the super- 
numerary toe articulated. The cerebral cranium sho^^'ed nothing pathological. 
Sella turcica was overbridged, it measured 11 X 8 inm. on the roentgen film 
and was thus of normal size. In 1939 traces of albumen were detected in the 
urine and the sediment revealed a moderate quantity of white and red blood 
cells and granular cylinders. This urinary finding had been pi-actically 
constant during tbe last eight years of the patient’s life. Since 1939 the blood 
pressure had been about 200/140. On 5th. Dec. 1947 she died with typical 
symptoms of a chronic renal insufficiency with uremia. 

Autopsy was performed 16 hours after exitus and revealed as follows; 
Macroscojjic. examination: 

The corpse of a somewhat short, thickset woman in her early middle age. 
A rich deposit of fat about the face, which was, however, not of »fuIl-moon« 
or »mongol«-fypc. The extremities are somewhat short, especially the distal 
parts. No malformation of the configuration of the fingers. Each foot has C 
stumpy toes. Only five metatarsals arc palpable. The arms and the legs ap- 
pear to he rather thin because of the rich accumulation of fat on the other 
parts of the body. The subcutaneous fat of the abdomen is 5 cm. thick. Below 
the umbilicus, on lateral parts of the abdominal wall, and on the ventral 
side of the thigh, numerous white striae, a few centimetres in length, are to 
ho soon. The skin is of a brownish-gray colour darkening distally until it 
becomes dark brown at the extremities. 

The breasts are well-developed and adipose. TIic hair growth is normal 
and of feminine typo. Labiao majora ct minora as well as the vulva show 
nothing pathological. 

Pericardium: normal. Heart: somewhat enlarged, wt. 370 gm with a 
slightly thickened loft ventricle wall. Obvious, though slight, deposit of peri- 
cardial fat. The parenchyma is brownish-red and exhibits no gross changes. 
Tlie cardial openings are of normal diameter, and the valves as well as the 
cusps are also apparently normal. Coronary vessels are thin-walled and of 
normal calibre. Some athoi-omatous plaques arc to be seen in the proximal 
part of the aorta, wliich was othei-wise of normal appearance. 

In the rigid, pleural sac 200 cc. of clear, light, yellow fluid was found, and 
in the left, a few table-spoonfuls. The visceral pleura is smooth and glistening 
and free of adhesions. The lungs are of normal consistency except in the 
dorso-caudal parts, which ai-e somcwliat firmer. The cut surface of the lungs 
presents a normal picture except in the above mentioned parts, where com- 
pression of the tissues produces a moderate discharge of frothy fluid. Trachea 
and bronchi; normal. 

Abdominal cavity: small quantity of clear, yellow fluid. Tlie peritoneum 
IS smooth and shiny. Eosophagus, stomach and intestines: noimial. 

Liver: somewhat large, wt. 1600 gm. Smooth and even surface and of 
normal brownish-yellow colour. The cut surface shows a well preserved 
architecture which in some parts, however, seems to stand out too distinctly 
Intraliepatic ducts: normal. Gall bladder; small with thick wall It contains 
a hght-gray, gelatinous substance. In the neck is a well anchored cholesterol 
stone. Biliary ducts otherwise normal. 

Pancreas and spleen: normal. 

Kidne.vs: embedded in somewhat large fat capsules. Both kidnevs weigh 
altogether 110 gins. The fibrous capsule is adherent. The outer surface of the 
kidneys is covered with fine granules and is of a whitish-yellowish-rod colour. 
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Some larger scars are also seen. The cut surface shows an outsnoken ro. 
duction of the corto.x, which is almost absent in some areas The medulhrv 
region is relatively better preserved. Renal pelvis of normal size UreS nmi 
urinary bladder: normal. ' ' 

Pituitary is normal in size and gross appearance. 

The thyroid gland is enlarged, wt. 100 gm. Lateral lobes are nodular and 
are rather rich in colloid. The isthmus shows similar small nodules 

The adrenals weight altogether 22 gm. They show a fully normal picture 
The ovaries are rather large and firm and distinctly lobulated. They are 
of firm and tough consistence. Cut surface is homogeneous and wliitisb'in 
appearance. 


The fallopian tubes are normal in appearance. 

The uterus is of normal size for the patient’s age, and is without mal- 
formations. The cranial part of the uterine cavity shows evidence of a 
hemori’hage. No polypi or other gross changes ai-e manifest in the utcru.=. 
Cervix uteri and portio vaginalis: nothing pathological. The vagina is of 
normal shape with pale, smooth mucosa. No malformations. 

The cranium shows nothing pathological. The cut surface of the skull 
cap is normal. The spongiosa of the vertebrae is somewhat pale but shows 
no pathological signs. The compacta of the femur is of normal thickness. The 
middle of the femur contains fat marrow with a few, small reddish specks. 

Brain: abnormally small, u’t. 1070 gm. The meninges as well as the surface 
of the brain are apparently normal. The brain was fixed immediately in a 
10 per cent solution of formalin. 

Eye: removed and fixed in a 10 per cent solution of formalin. 
Microscopic examination: 

Liver: nor-mal appearance. No signs of stasis, no necroses. 

Kidneys: almost complete loss of the renal architecture. Only few of the 
glomeruli xvere preserved and even some of these show a thickening of Bow- 
man’s capsule. Most of the glomeruli show evidence of hyaline or fibrotic 
degeneration, especially the outer zones of the cortex, where practically a 
the gromeruli have been substituted by hyaline connective tissue, in uluci 
only scattered single nuclei are detectable. Here and there 
glomeruli with fused capillary loops are manifest. The convolute u >u • 
have almost disappeared and are replaced by fibrotic connective tissue, on ^ 
tubules are dilated and show a preserved epithelium. Also in the roeirow r 
there an increase in the interstitial connective tissue. Scattered coHec ions 
lymphoc.ytes. The renal vessels show evidence of fibrotic degeneration a 
hyalinosis of the walls. Tlieir lumen is reduced, sometimes obliterate! . 

The spleen and the pancreas exhibit nothing pathological. 

The enlarged thyroid gland present the microscopic picture of a no 
colloid goiter. , „ 

Adrenals: normal proportion of medulla and cortex. The noimc • ' 
ranged cortical cells are surrounded by large capillaries and ha^c a i 
appearance. Ponceau-fuchsin stain shows no fuchsinophile 

Ovaries: marked fibrotic degeneration. Seveiml atretic folhc cs < 

One ovary has a large cyst containing a slightly stainable colloi , a 

with low-cylinder epithelium. uotlnuc 

Uterine musculature is apparently normal. The mucosa sho' 


pathological. . tissue Tlw 

The eyes: the sclera consists of a normal fibrotic connee 
choroid seems to be somewhat thickened compared with noi ‘ 
fixed in the same manner. In both of its vascular layers fibioi y^sculosa. 
is observable, most conspicously in the capillaries of the ami ‘ ‘ 

Lamina chorio-capillaris shows nothing dehnitely patho The 

silaris is intact without any increase in .size or signs o Cc 



voUnal nii'moiitary layer shows nothing iinusual. 'nie cone and rod cells are 
stroncly induced in munher. The retinal changes (Fig. 1) are dominated by an 
exceptionally marked diminution of the outer nuclear layer. In some areas 
this layer has completely disappeared, other tireas show a few surviving cells 
in immediate contact with tlie lamina hasilaris of the choroid (Fig. 2). 1 he 
inner nuclear layer is ftir hotter preserved than tlio outer hut compared willi 
normal material it shows ti considerable numeric.al reduction. The layer of 
ganglia cells contains but a few cells and shows collections of pigment as 
the layer of the nuclear cells. Tlie.se accumulations of ))igment seem at least 
])artly to bo deposited around the retinal ve.s.sels. Tlie latter also show evidence 
of artoriocaiiillary fibrosis. 



Fill. I. 

Pathological accumuhition of pigment in the retimi. (b = the reduced outer 
nuclear layer; c = the inner nuclear layer: d = the Itiycr of ganglia cells). 

The iiituitary is saggitally divided on either side of the stalk. The resulting 
three sections are then e.xtimined .at various depths. Tin' relationship between 
the tmterior and the posterior lobes is normal and the posterior lobe shows 
the usiifil i)icture with ti few btisopliilic cells near the borfbu' of the .anterior 
lobe. In the itars interrnedi.a no colloid is to be found. .\ si'rittl count tid 
modum Mrlh/rni'"^) iifter sttiining with bem.atoxylin-eosin comptirtai with 
a .tfaHoiaz-stititing gave the following percetiltige of the different types of cidls: 
dnimber of cells counted: Ifi.aO.")) riasophilic 17.T, Acidophilic 2!t.2, Chroinopliilic 
rg!.!. Of .all the basophilic cells 10.3 jier cent are more or less vacuolized. No 
cells of the type described by Croo/.c") are observabh'. The relative distribu- 
tion of the cells agrees well with that given by Flndrnm^-), the eosinoidiiles 
being preiionderantly central, the b.aso|)liiles venirobasal. In jtttrs tubi'r-alis tind 
near pars intermedia a rich accumulation of small, rather light chromo- 
phobic cells are seen aiaamged in formations reminiscent of glandul.ar tu- 
liules. This cellular type Itillies completely with wluit Krauss^-'j termed ’em- 
bryonic cells’. 

The brain, fixed in formalin, has narrow gyri and deep well develoiied 
sulci. It is sectioned ad modum SchrddciincF'). Sections from the frontal and 
temporal lobes, as well as from the gyrus prae- and postconlralis exhibit 
normal structure and, comitarcd with normal material, no cellular reduction. 
The area around the calccrine sulcus jtresents the picture of a completely 
normal structure with a pronounced line of Grnnnri. Number and a])- 
pearance of the cells arc normal. An o.xamination of nucleus caudatus, nucleus 
supraopticus and the nuclei around the recessus opticus sbotvs no differences 
when compared with normal material. The nuclei in the corpora mamillaria 
consist of nerve cells of a size peculiar to these nuclei. ’I’hc Itirge ner\'e cells 
in this nucleus seem to be numorically reduced compared With normal 
material. Nucleus subthaliimicus consists of rather large nerve colls with a 
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cytoplasm containing a moderate amount of Nissl bodies in its nerinliorai 
region. The nuclei, which are localized somewhat excentrically in tlie opII' 
present a normal picture. The cells are perfectly normal in appearance but 
they seem to be considerably reduced in number. Sections of the medulla 
oblongata, the pons, and the cerebellum present normal pictures. 



(a) and of tlic outer 

nuclear layer (b). In the figure below the reduction of / cells (f)- 

pronounced also in the inner nuclear layer (c) and the iayei b‘ c 


Retina shows a reduction of the layer of rods and cones 


DISCUSSION 

1 . Pituitary changes in LMB-syndrome. 

Owing to the similarity between the LMB-syndrome ],;,s 

adiposogenitalis, interest in the pathophj^siology of t le 
been concentrated upon the pituitary. This inteics ‘ ,,jp,iiary 

u. Bogaert & Borremans ( 1936 ) found a hyalinosis o 



stalk in a case of LMlJ-syndrome. At about the same time Loepp ob- 
served a i)iluilary almost complclcly displaced by a cyst. Griffiths vc- 
ported a pituitary of normal size and shape, lie bad, however, the im- 
j)ression that the basopbiles had numerically increased at the expense 
of the cosinophiles. In order to Kct more exact information on this 
point Amlcrson (10-11) counted the number of hypophyseal cells ad 
modum Hasmussen'"- ’■) and found the number of basopbiles to be 
-12 per cent. The normal number of l)asoi)biles according to Rdsinitsscn 
is 11 ])cr cent and the max. normal value 27 ])er cent. Numerous baso- 
pliiles arc found in hypertonia, in cystic kidneys and in uremia (Uerb- 
lingcr^^). Hawking^"), Krmiss""). All three conditions were i)resent in 
Anderson's case. The pituitarics in the two cases reiiortcd by Riggs are 
said to have been normal, but no mention is made of a cellular count. 
In my case the cellular count was made ack modum Mcllgrcn. This 
method can, as shown by Mcllgrcn, be com])ared with that ap])lied by 
Rnsmiissen and Flodcrns. In this case the baso])bilic component was 
17 p. c., an admittedly high i)crcentage (average in normals: ll.G p. c.) 
but nevertheless within imrmal limits. This number is all the more 
remarkable beeause the patient died of uremia after having suffered 
for many years from renal insufficiency and hy])crlonia, and there- 
fore might have been exiicctcd to show an increased number of baso- 
philes. Whether the roentgen castration performed two weeks before 
exitus influenced the number of cells in the pituitary is Iiighly im- 
probable. 'I'lie rtgn. dosage given for castration purposes generally 
has no effect on the uterine hlcedings until 1 — 2 months after treat- 
ment, for which reason it is hardly feasible that the pituitary should 
manifest any substantial change already after M days. The so-called 
^.castration hypo])hysis« with an abundance of small acidoj)bilic cells 
found after complete surgical ovariectomy (/{d.ss/c-‘) cannot forthwith 
be used for the comparative study of hypophyseal changes occurring 
in association with rtgn. castration i.loci--). In two cases of rtgn. ca- 
stration of women a slight increase in the number of basoi)hiles was 
found and a marked increase in that of the eosinoidiiles [Bcrblin- 
gcr--'). Moreover, as the ratio between acidopbiles and basopbiles in 
my case was normal, there is every reason to assume that rtgn. -ca- 
stration bad not yet been able to bring about any essential hy])o- 
physcal changes. The so-called cmhryonal cells may, as pointed out 
by Krcinss'-'), occur in normal pituitaries. .Fudging by Riggs' ease and 
the one under discussion, it must be admitted that no correlation is 

discernible between the LMli-.syndrome and byi)opbyseal changes 

especially not an increased percentage of basoi)hilos.' 

2. Cerebral changes in LMR-sijndrome. 

Gross anatomical changes are very scanty in LMB-syndrome. lilx- 
cept the shrinkage of the frontal poles mentioned in Griffiths' case, 
and the relatively small weight (1070 gm.) of the brain with thin gvri 
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and .vide sulci in niy own case, no other changes are reported in the 
hteiature. The microscopic changes are very difficult to distineuisl, 
and evaluate. No definite changes in the cerebral hemispheres i 
LMB-syndroine have hitherto been found. Of special interest is the 
occurrence of pathological changes in the hypothalamic nuclei con 
nected with the pituitary {Harvis"-^). The positive findings made in 
these regions are a slight diminution in the number of cells in the 
supraoptic nuclei compared with the normal and a reduction in the 
number of glial cells throughout the hypothalamus (Anderson) ; fewer 
large cells than normal in the tuberal nuclei in the hypothalamus 
(Griffiths ) ; and in my case, a numerical reduction of the cells in the 
subthalamic nucleus and a slightly decreased number of cells in the 
nuclei of the corp. mamillaria. Anderson also found slight changes in 
the molecular laj'er of the cerebellum. In none of the cases examined 
histologically could any traces of pathological changes be detected in 
the vicinitj^ of the calcerine sulcus.' Riggs thought that the cerebral 
vessels were markedly' changed in his two cases, but no such degene- 
ration is reported in any of the other brains examined. 


3. Ocular changes in LMB-syndrome. 

No histopathological examination of an LMB-eye has hitherto been 
reported. As the clinically observed eye-changes coincide exactly with 
those peculiar to retinitis pigmentosa, a comparison of the histological 
findings in these two diseases is motivated. Of those changes domina- 
ting the histological picture of the earliest cases of retinitis pigmenlo-sa, 
the most striking one was a thickening of the choroid (Wapenmau"’). 
Gonin'°), Ascher-'). This thickening was especially due to an increase 
in the thickness of the connective tissue of the choroid hut also to a 
thickening of the vascular walls of the lamina vascularis (Wagenman, 
Ascher). The vascularization of this layer was also somewhat scant. . 
Many authors believed the number of capillaries in the lamina capi 
laris (Choriocapillaris) to be smaller than normal (S/ein-®). 
man, Koyanagir^), Gonin). The changes in the choroid .vere o en 
most marked in those areas displaying the greatest retinal changes. 
In contradistinction to these researchers, who discerned pronouncci 
changes in the choroid, Stoclr^^) and Suganuma^^) describe case, 
in which the choroid .vas practically normal. As to the retinal c angc^^ 
the pathological picture is more consistent. The pigmentary 
generally more or less normal but occasionally a slight pro i era 
of its cells (Stock) or a punctate or patchy complete destnic 
the layer, could be observed ( Wagenman, Stock, Koyanagi, 
Frequently' the lay'er is somewhat poor in pigment. All o 
cases showed a numei’ical reduction of the layer of the rods an 
and of the outer nuclear layer. They' were preserved best in 
region, and worst in the periphery'. In outspoken cases .‘jPc 

seem to disappear (Ascher). Also the inner nuclear layer 



I'ant'lionic cell layer have been found lo slunv a slight reduction. '1 his 
reduction, however, is never so great as in the outer gianulai la>cr. 
The ]iathological accumulation of the pigment in the retina is described 
•liarlly as extracellular {SiKjnmmut). The pigment is often collected 
around the retinal vessels {Ascher, Suiinnun^n, Koijnttafji) . In many 
cases the vascular walls showed a fibrous thickening (Stock) with a 
narrowing, sometimes comiiletc obliteration of the lumen (Suf/nmunn) . 

The choroid of the LMB-eyc in the present case was found to 
somewhat thick compared with that of normal eyes. 'I'hc thickening 
was by no means so marked as in ttVjpcnnuin’s or d.vc/ier’s case. 
Xcither were the vascular walls so abnormally thick as in their 
cases. Nor were the vascular changes distinguishable in the LMB-cye 
most conspicuous in those .areas exhibiting the greatest retinal changes. 
'I'lie reduction of the layer of rods and cones and of the outer granular 
layer was. however, very severe (Fig. 2). .\nalogous with Slnrk'i> case 
the LMH-eyc exhibited a thickening, though slight, of the walls of 
the retinal vessels. 


1. licnal ckanffcs in LMU-siitulromc. 

In the incompletely described autopsy case of v.lUnjncrlS: Horremnns 
and I.ocpp, no mention is made of the apiiearance of the kidneys. In 
one of tier cases Riiws pointed out the jircsence of glomerulonephritis 
hut made no mention of the kidneys in the other case. Griffiths' case 
sliowcd embryonal congenitat malformation of the kidneys and in 
dndcr.von’s case excessive renal cysts were observed, 'fhe older sister 
of Ibe patient under discussion exhibited chronic glomeru!one]diritis. 
and my case presented the same picture. .\s renat malformations, even 
when slight, arc liable to favour a disposition for renal inflammations 
{Ask-Upmarlc'-). Runeberg-'^) , SlriimpcF') it seems reasonable to as- 
sume the iiresence of an abnormal development or jirimary inferiority 
of the kidneys. .\s pointed out by Ask-Upniark, there seems to he a 
certain coincidence, between renat and genital malformations, esj^c- 
cially in women. Such genital malformations are very common in 
LMB, as will be apparent from Pansc'ic'--) and Cockmjnc's'"') surveys. 
.Also the case described by Radne.r and referred to above, had a vaginal 
septum. 

a. Etiologij. 

The fundamental causes of LMB-.syndromc are still unknown. 'Plial 
hereditary factors ])lay a certain imrl is. however, beyond doubt (Rad- 
nor^), Cocknijnc'') etc.). The site of the anatomical lesion is, however, 
debatable. Bordet'-'^) assumed that the disease was due to a lesion of 
both lateral lobes of the pituitary. Biedt-) finding no roentgenological 
changes in the region of the sella turcica l)clieved that the essential 
changes were to he found in the hyimlhalamic region or in the dience- 
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phalon, Raab^^) thought that the syndrome might be ascribabic to 
compression of the infundibulum disturbing the coimmmicahon I 
hveen the hrmn and the pituitary. In 1932 Ornsteen^o^ launched it 
hypothesis of the genetic origin of the disease. The disease is con 
sidered to be a genotypic inherited unit character defect. AdiDoso^eni 
tal dystrophy, renitis pigmentosa and mental deficiency are explained 
on the basis of a developmental defect of the ectopic zone of the 
prosencephalon for the embryological reason that the hypothalamus 
(infundibulum) and the optic chiasm take origin from the venlrai 
segment and tlie end brain from the cephalic segment of the ectopic 
zone of Schulte. The other dex'elopmental anomalies appear because 
of the coupling of somatic genetypic defect characters with the cere- 
bral units characters mentioned above. On the basis of his two eases 
Riggs believes the primary LMB-syndrome to be attribiitahle to an 
early lesion in the cerebrovascular system, probably in the hypotha- 
lamic region. 

Clinically, there is no difference between the eye changes of LMB 
and those peculiar to retinitis pigmentosa. As the histopafhological 
pictures are also essentially similar, it might he of interest to dwell 
on the various theories of the etiology of retinitis pigmentosa. Many 
believe the cause of retinitis pigmentosa to he a vascular lesion. Gonin 
and Wageninan etc. believe the primary cause to be a lesion of the 
chorioidal x'essels, which is, however, assailed by Stocl: and Sugannma. 
Suganuina assumes that the primary cause is to be sought in a lesion 
of the retina! vessels. That retinitis pigmentosa changes are never 
observed in cinholi in the arteries of the eye (Axcher), in avleriosclc- 
ro.sis (Koganagi) , in renal lesions and secondary vascular disorders 
of the eyes {Ginsberg*^), Kotjanagi) argues against the theory of Ibc 
above two authors. Some writers postulate the primary damage to be 
localized to the pigmentary layer iSiigita'*^] , an assumption llml is, 
however, not supported by others. Stock, Ginsberg and Collins believe 
a degeneration of the neuroeputhelial elements of the eye to be pn 
marily re.sponsible. Stock as.sumes either the presence of a cyloloxm, 
destructing the nervous tissues, or »einer Icongenital zu sebvac^ 
Anlage«. {^Edinger's Aufbrauchtheorie«). Collins is inclined to m icve 
in an abiotrophy, whilst Ginsberg believes a »mangelhafte Aushi < ung« 
of the neuroepithelium to he primarily^ responsible. His cases bac a so 
testicular atrophy. Sc/iiee/c**- is also an adherent of the 
damage of the epithelium of the retina being the cause. Accorcin^^^^ 
these last mentioned theories the vascular changes in the eje nre - 
condary to the disorders in the neurogenic elements of the eye. 

Cunningham-^^) sought a physiopathologic explanation ® ^ 

pigmentation of the retina in a disturbance in the hormona r 
tion. Unlike the urine and blood of the controls those of pa 
retinitis pigmentosa were able to produce a pigmentation m 
brate frogs. He was able to produce a similar effect also m cr > 



piluilary abnormalily. He believed Ibis to be due lo a mclanosome- 
disjiering sid)slance i)roduced in a lesioned ])ars inlerniedia. Zondek"') 
inclined ralbcr towards the belief llial the activity of this lioinione 
facilitated the iicnncation of the pigment-carrying leucocytes ema- 
nating from the choroid and causing the juitbologic accumulation of 
l)igmcnt in the retina (Gastciger'') . In my case the examination 
of the eyes was unable to i)roducc conclusive evidence as to which of 
the theories is the more probable. The generalized pigmentation of 
the skin gives more of interest, as it is more comj)aliblc with the 
Cnnninffhain's theory than with Zondek'a. Furthermore Cnnninff- 
Iiam has shown the melanosome-dispersing substance even in two 
cases with LMH-syndrome. As the pars intcrinedia is controlled by 
dicnceidialonic centres it is obvious that a disorder in Ibis ])art of the 
brain is also able lo disturb the hormonal regulation in the ])ars 
intermedia. 

The assumption of a primary vascular lesion being the cause of 
LMB-syndromc would render Rujrjs' theory coinjialihlc with Warien- 
mnn\, Go/ifn’s and Siigniuimn's. The absence of cerebrovascular 
changes in Griffiths' case, in Anderson's as well as in my own and the 
relatively slight vascular changes I found in the LMB-cye argue, how- 
ever. against Riggs' Ihcor.v. The theory launched by Rardet and su])- 
porlcd by Griffiths' and Anderson's examinations of the pituitary 
might possibly explain certain symptoms of the LMB-syndromc. but 
will not elucidate the eye ebanges. If the jH-cscncc of a high number 
of basoi>hilcs in the pituitary really were the cause of the syndrome, 
one might have expected that many such cells would have been jirc- 
scnl also in my case. Ranh's iioslulalion that a disorder of the infun- 
dibular area is rcsiionsiblc for the .syndrome is not belter able to ex- 
plain the change in the eye than is Rardet’s, hecause not even gross 
pressure of the visual tracts is able lo cause changes similar lo those 
in pigmentosa. Riedt's assumption of a cerebral localisation of the da- 
mage is compatible with Ornstcen's llicory. This theory may explain 
the hypoi)hyscal syin])lom as a result of a disorder of the nerve cen- 
tres controlling the adcnohyidmsis and located in llie hypothalamic 
region, the mental deficiency may be cxi)laincd by disturbance in 
> tbc cephalic area in tlic cclojiic zonc«. Can also the ocular changes 
be exi)lained by disorders in Ibis zone? According lo Stock, Ginsberg 
and olbcrs, — and as far as the eyes arc concerned, my case is similar 
to Stock’s — retinitis pigmentosa is due lo an anomalous development 
of the nervous elements of the eye. As these elements arc derived 
pbylogcnclically from the zone in the prosencephalon mentioned by 
Ornsteen, it seems as if llicsc theories arc compatible for LMB and re- 
tinitis pigmentosa. 

The material is too small lo decide wbctlicr the renal lesions shown 
in the autopsy cases arc incidental or whether they are lu-imarilv cor- 
related lo LMB. 
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SUMMARY 

A description is given of the post mortem findings made in a case 
of Laurence-Moon-Biedl’s syndrome in a 36 year-old Avoman sdio' al 
the age of 7 years exhibited the first sjTOptoms of the disease and who 
died with symptoms of uremia. Special attention is given to the oc- 
currence of possible changes in the pituitary, the hypothalamus and 
in the eyes. The structure of the pituitary was histologically normal. 
Of the cells in the adenohypophysis 17 per cent were basophilic, 29 per 
cent acidophilic, and 57 per cent chromophobic. The number of haso- 
philes lay within normal limits. The cells in the nucleus subthalamicus 
and nuclei corpora mamillariae were scanty, a finding tallying willi 
that of earlier workers. The eye changes coincided with those met wilh 
in retinitis pigmentosa. Various theories of the etiology and the pa- 
thology of the syndrome are discussed. Attention is drawn to the fact 
that 5 of the 6 autopsy cases described exhibited renal changes. 
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,n a previous puhlicallon (1) we have dealt with “f '* 

or the biology ot B. 7“’ yLS '« 

it is impossible with morpho og.cal ^ bso 

distinguish between this microbe and another m 

teroides genus, namely, belonging to Hie 

In this paper we will discuss Iv us LdTvc will 

same genus, obtained from infections establish them 

criticize the different methods employed and tty 
on a comparatively safe basis. 

The material dealt with is as follows; 


1. specimen 1667. Pus 

abscess bad developed within a month ^ Jj (iipiofovm were ou^''. 

sconically gram-negative elements as veil as ipnath The rods si'owf'l 

The former consisted of rods and ^^"■‘^‘Y’VrouS ends and often round w 
segment-lihe structure after ^taming Imd pus yicM^ ^ 

eliptical shmeture^s as wel as club anaerobic cultur'>= -w . 


elhotical structures as well as anae^bic cultures gave: 

molytic streptococci in aerobic cultures u bile tl 
growth of hemolytic pleomorphic rods (B. fundunio 

” „v.i,vniinal at’ 


fvAm in abdominal ale- 
2. Specimen 1596. Pus from a woman ?"J^^®""\^icroscopically nunierouh 
cess and suspected of ^^J^arculous salpmgh^ appoa';a>’^- 

/virtTv-itinie wi'vfi found of cl stio g > vnfion 


m-negative‘elements were found «*,^, 47 SenK‘'on^uIt--valion gron^ 
rods, long rods and pleomorphic !^cobacterium tuberculosis, • 

was obtained of Staphylococcus au , Iragilis S. 14 anc 

in anaerobic cultures B. funduhformis 1596, B. nag 
hemolytic strain of Veillonella. 


•cakll' 


vnung gb’b 

3. Specimen 1721. Pus from 

“ ISed Kt ApP»dcc.omy l.»d «« 
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without anv pathological condition Iming found in the appendix. On micro- 
scopical examination of the jiiis several gram-positive chain-forming cocci 
were found ns well as gram-negative elements of pleomorphic appearance. 
.\erohic cultures gave growth of hemolytic streptococci, while the anaerohic 
cultures revealed B. funduliformis and a strain of Veillonelln. 

1. Specimen 10. Pus from a woman suffering from tymiinnia uteri. In 
the pus gram-positive and gram-negative rods of varying appearance and 
length were found. Culture gave growth of T.actohacilli, Corynehneterin and 
B. funduliformis. 

5. Siiecimen OoS. Pus from a jieriurethral ahscess in a woman. Micro- 
scopically numerous gram-negative rods. In anaerohic cultures growth of 
B. funduliformis in a pure culture (958). 

G. Specimen 1251. Pus from an infiltrated area in the lace. Microscopically 
numerous gram-negative rods and a few gram-iiositivc cocci. .Anaerohic cul- 
tures yielded a growth of B. funduliformis (1251), a gelatin licpiefying microbe 
(not identified, strain S. 19), gram-positive cocci and a protein-splitting 
microhe (strain D. 10, not identified). 

To avoid repetitions we will give a sliort survey of tlie criteria 
used in classification of our strains. Six strains of li. fnndnlifonnis 
have been isolated and compared to strains CH and 2G7 isolated by 
Prevol and to strain 748 isolated by S. Dick Henriksen. The characters 
justifying the claiming of our strains as B. funduliformis arc as fol- 
lows : 

1. They grow only anaerobically with hemolysis of blood agar i)lales 
and form a metallic glistening halo. 

2. They arc non-motile and rapidly produce indole and hydrogen 
sulidiide. 

3. They i^roducc the pleomorphic elementary bodies characteristic 
of 15. funduliformis cither in pathological material or in cullurcs. 

■1. They arc serologically related to the strains CH and 267 of 
Prevot. 

5. There is practically complete identity in characters between our 
strains and Ibosc of Prevol (Splierophorus funduliformis Prevol). 

Tbc most important of these characters is No. 5. According to 
Prevot, some of the other characters mentioned would cause an aliena- 
tion from B. funduliformis and a classification into some other group 
of Bacteroides. {e.g., B. floccosus, B. mortiferus, B. freundii, etc.). 
When, however, we find that our strains in all main characters arc 
identical with the strains isolated by Prevot under the designation 
B. funduliformis (Si)hcrophorus funduliformis) we feel completely 
justified in our diagnosis. 

The microscopical picture of the material examined as a rule was 
such that the possibility of B. funduliformis being present was quite 
distinct. In specimens Nos. 1667. 1596 and 1233 a marked plco- 
inorphism of the gram-negative organisms made this possibility very 
in-onounccd, while the plcomorphism was less pronounced in Nos. 95*8 
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and 10 and m No. 1/21 only a rare individual form appeared dif* 
ferent from the ordinary gram-negative rod. However, it must not 
be forgotten, that organisms other than B. funduliformis may show 
polymorphism, and therefore it may hardly be correct to cmisidcr 
an organism as B. funduliformis on the basis of the morphological 
picture alone. 


Strain S. 14 has been listed as belonging to the species B.fragiiis, 
as all its characteristics coincide with those described by Prevot ami 
by Bergey et al. (3). This strain consisted of small gram-negative rods 
with bipolar staining. It showed a slow growth with a homogeneous 
and delicate clouding of the broth and no difference of growth was 
seen in poor or in rich media. No production of indole and no gas in 
carbohydrate media. Acid was produced in lactose and strong coagula- 
tion %vas found in milk. The strain was motile. 


Strains S 7, S 18, 1596 h+-t- and 1596 h+ were all reckoned as 
belonging to Veillonella, as they consisted of gram-negative cocci. 1596 
h-f -f and h+ were hemolytic strains, while the others were non-hemo- 
lytic. 

Strain S 19 was characterized by the liquefaction of gelatin, and 
strain D 10 by its lysis of protein. 

When considering the importance of these microbes as etiological 
agents in the pathological conditions present, it is necessary to call at- 
tention to the fact that all but one of our samples contained other 
microbes beside the Bacteroides. No. 1596 contained Staphylococcus 
aureus and Mycobacterium tuberculosis, Nos. 1667, 1721 and 
show'ed hemolytic streptococci and No. 10 gave growth of gram-positiw 
apathogenic rods. Only one specimen (No. 958) showed a puregronli 
of B. funduliformis. In order to obtain some evidence of Hic PPo 
thetical significance of the strains of B. funduliformis to theciscasc, 
a complement-fixation test was performed with the different s rams 
as antigen, and the sera of 958 and 10 as the antibodj'-containing sera. 
Serum 958 was held to be the most reliable one since this sham was 
found as the sole microbe in its specimen. The results of the tes s wcr 
as follows: 


Strains Sera from patients 

(Antigens) 958 

Titers of reaction: 


1667 

80 

1596 

80 

1721 

80 

058 

320 

1251 

80 

10 

160 

CH (Prevot) 

160 

267 ( - ) 

320 

748 (Sv. D. H.) 

160 


40 

20 

40 

80 

80 

80 

80 

40 

40 
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In sera from patients 1596 and 1251 no fixation of complement 
was found. Thus, only two sera, i. e., from patients 958 and 10, showed 
a positive complement fixation, the former to a fair degree with its 
own strain and with the two certified strains from the Pasteur In- 
stitute and the strain previously identified in our own institute. Thus, 
it is probable that patient 958 has been infected with this strain and 
that it has caused the disease. It is more difficult to he certain as to 
patient 10, as this serum shows lower titers. However, the strain gives 
a fair titer in serum 958 and thus may he considered as identified 
serologically; the low titers (1:80) may indicate an infection due to 
strain 10. 

None of the other sera gave any complement fixation with any of 
the isolated strains. 

Most of the cases examined by us arc derived from pathological 
conditions generally considered to he localities of choice for the anae- 
robic rods such as abdominal and genital lesions in women, lesions in 
the face and throat. It is well known that anaerobic rods are abundant 
in the intestines, in the female genital tracts and in the mouth. It is 
therefore quite reasonable to assume that, under favourable condi- 
tions, these organisms may gain entrance to the tissues of the organism 
and act as a real infective microbe. But is is also just as reasonable 
to assume that they may gain entrance through a mucous membrane 
that is injured by the infection set up by another and more active 
microbe and thus act as a secondary invader. It is also quite possible 
that the occurrence of these microbes in pathological material together 
with such microbes as streptococci and tubercle bacilli simply may 
be taken as an indication of an impurity of the material like that found 
in cultures from the nose consisting of Staphylococcu.s’ alhus or some 
kind of Corynebactcrium. 


CuUural Investigations. 

The gram-negative anaerobes isolated in this investigation have 
seldom been thoroughlj' examined as to their cultural behavior. We 
have therefore taken this opportunity to make a comparison between 
them. The growth is examined in peptone water, ordinary broth and 
double-strength broth. These media will give no growth of the or- 
ganism in question under aerobic conditions. However, all the media 
are slightly reductive, and if the air is driven out through boiling thej^ 
will reduce methylene blue for a short time. Addition of reducing 
chemicals to the media will increase and prolong this slight reducing 
power so that organisms not too intolerant of oxygen may grow in 
these media even in the open air. Such reducing compounds are glucose 
and hydrochloride of cysteine both of which are used by us. Boe thus 
found a promoting effect of cysteine towards Fusobacterium, when 
ho used 0.01 — 0.03 % in 1 % glucose broth. Lahelle (3) found that 
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cysteine gave good growth of Necrobacterium necrophorus in concon. 
trations of 0.001 — 0.05 % in double-strength broth. While Boe 
sumed that Fusobacterium uses some of the cysteine in its metabolir 
processes, Lahelle held the effect of this compound towards N necro 
phorus to be a purely reducing effect upon the medium. We have now 
tried to carry the results of Boe and Lahelle obtained in our institute 
a step further in testing these compounds in the cultivation of several 
other Bacteroides and eventually demonstrating that media containiii!; 
these compounds are suitable for the cultivation of all gram-negative 
anaerobic rods. 

When a comparison is to be made between the effective concentra- 
tions of cysteine and glucose necessary for the growth of various 
microbes, it is most practical to use media in which the microbes can- 
not grow without these compounds. When the same basic medium is 
used, however, it may happen that microbes less sensitive to oxygen 
than others may grow so well that it will be difficult to see when 
the addition of the compounds has taken effect. We have therefore 
used as basic media such media in which the different strains cannot 
grow without the said compounds, and as the different strains arc 
more or less sensitive to oxygen the basic media are chosen to suit 
this varying range of sensitivity. 


Table L 

Growth after addition of cysteine hydrodiloritle. 


.Strain 


% cysteine-hydrochloride 

Medium 

1 

1 .003| 

.004 1 

•OOoj 

.OOgI .007j 

■oos) 

..0D9| 

•Oioj 

.012) 

.05 1 

,03 1 

.07 1 

.08 1 

.10 1 .12 ;.li 
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+ 
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Table I shows that cysteine has a promoting effect upon 
of all our strains investigated. They have all grown in tic 
tions of 0.01 — 0.06 per cent and as a rule the effective doses o 
are found to he 0.005 — 0.1 per cent. It is obvious that t le ess 
strains will react to smaller concentrations of the compoun |,oj.(]cr- 
more sensitive strains — as we had expected. A distmc uppe 
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line characteristic of the more or less sensitive strains has, however, 
not been found. It seems probable that B. funduliformis can use 
cysteine as its nutrient, while S 19 lacks this faculty. In si)itc of this. 

The result of our experiments with cysteine is that all our strains 
Consequently, it seems reasonable to assume that the function of 
cysteine in anaerobic culture chiefly is to produce a favourable re- 
duction potential and counteract the effect of oxygen in the cultures, 
not to act as nourishment for the bacteria. 

The result of our experiments with cysteine is that all our strains 
will grow when concentrations of cysteine between 0.01 and 0.06 per 
cent are present in the media. Boe, Lahellc and the authors have found 
that increasing strengths of cysteine very soon show an inhibition of 
growth. It is therefore advisable to keep well within the border-lines 
of the effective concentrations of this compound. 

The effect of glucose upon the growth of gram-negative anaerobes 
has also been investigated by Boe and Lahelle. Boe found a distinct 
effect upon Fusobactcrium in concentrations between 0.1 and 10 per 
cent and an optimum between 0.75 and 4.0 per cent. Lahellc found 
Necrohacterium to grow in concentrations 0.1 and 7.0 per cent, with 
an optimum of 0.75 — 4.0 per cent. As wilt be seen in Table II, our 
own results corroborate those arrived at by Boe and Lahellc. Our 
figures relating to the promoting effect of glucose lay between 0.6 and 
3.0 per cent. All strains examined by us fermented glucose, but it did 
not seem as if the role of glucose as a nutrient to the microbe was 
the most important, since it would then have been difficult to explain 
why smaller amounts of gluco.se than 0.6 per cent had no effect upon 
the growth of the microbes. 

It is a generally accepted fact that the inoculum in anaerobic 
cultures should be rather large. The reason seems to be that anaerobic 
bacteria produce reducing substances from the medium and, on in- 
oculation into a new medium, ])art of these substances is transmitted 
with the bacteria and adheres to them as a protecting envelope, 
shielding them against deleterious influences from oxydizing substan- 
ces in the medium. Hence the inoculum should he larger in poorly 
reducing media than in strongly reducing ones. This fact will neces- 
sarily be of interest when the growth factors required by anaerobic 
bacteria are investigated. It will not be correct to state the faculty 
of growth in a distinct medium for one generation only. It is clear 
that some of the products from the old culture carried over to the 
new culture with the inoculum may help the microbe in growing and 
thus mask the result of the test in question. On the other hand, the 
growth factors necessary to a certain microbe should be given after 
several generations on the same medium, using moderate inocula 
(Tables III and IV). It will be seen that all our strains show a greater 
reluctance to grow in several generations on a distinct medium than 
they do after a single inoculation from a brain-heart culture. None 
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Growtli after addition of glucose. 
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of our strains could h^ow in 1 i)cr cent peptone ^valcr for several 
generations, wiiile one strain managed to grow for one generation 
after inoculation from a brain-heart culture when the medium was 
boiled and covered with a vaseline seal. In the other media used (Table 
III and IV) the ability to start growth is distinctly different. This may 
be due to a different demand of nulricnl in (be different sj)ecics. 
However, it seems more reasonable to explain (he variation in behavior 
as a result of different sensitivity to oxydalive processes occurring 
within the media, and that growth is more easily started as the re- 
ducing ])rocesses increase in the media. Thus, growth is always better 
in boiled than in raw media and betler in media covered with a 
vaseline seal. When the media are thoroughly reduced, for instance, 
in boiled broth containing glucose and cysteine, all strains grow 
abundantly. These results show clearly that all the ahovc-mentioned 
promoting compounds act through a reductive process and not as 
nutrients to the bacteria. 


pH measiircmcnis in fcrmcninfion rcnciions in cnitnrex of (jram- 
ncgaliuc anaerohes in hroih ax well ax in sugar solniions. 

The measurement of i)H carried out with the aid of an electric 
potentiometer is more reliable in anaerobic work than the use of color 
indicators, especially since the latter method is unsuitahle to point 
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Tabic IV. 

Faculty of continuous growth in 10 genei'ations on different media. 
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+ ; continuous growth for 10 generations. 

continuous growth not possible with 02o ml. medium, 

continuous growth for 10 generations after inoculation ’ 

continuous growth for 10 generations after inoculation of 

Figures in brackets indicate the me'dium. 

occur after inoculation of 0.25 ml. oi meuiui 

out such weak differences in the pH Hne. All our 

Table V gives the results of our experiments a g 
strains have produced acid both in broth ^ spiUling 

glucose and maltose had been adde . n or to examine 

of a certain kind of carbohydrate it is therefore arbohydrale in 

a control culture in the basic ^Jain S 19 

question. It will be seen from Table V that o 

growing in pure ordinary broth reaches / j ^ glucose broUn 

identical with the value reached by Weaker faculty 

namely, 6.38. B. funduliformis has always sho 

to produce acid in carbohydrates than our o . .. g funduliformis 
strains will reach values very close pH ’ spliHinS 

does not come below 6. If therefore i . g^drate cannot veri 

glucose on the purl ot B. funduliformis the me glucose 

Lll be completely hydrolyeed. It might perhaps he 
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decoloration of the media should indicate the presence 
of H 3 S, and the lack of such decoloration should indicate the\nbscnce 

I X X ^ • 

However, the demonstration of H^S has alwaj’s been an uncertain 
means of classification of bacteria and not to the least extent within 
the domain of the anaerobic bacteria. Bergey & al.’s Determinative 
Bacteriology contains many uncertain statements concerning the pro- 
duction of HjS in bacteria and the same is also found in publications 
from the French investigation in anaerobes. It will be found that 
microbes may be »slight or non-HjS ]noducers«; some microbes are 
strong producers, according to some authors and non-producers ac- 
cording to others. 

It is probable that the reason for such discrepancies must lie in 
the technique employed. It cannot be possible that a microbe can lose 
its power of production in passing from one institute to another. We 
must believe that the technique in such cases cannot be the optimal 
one. First, the microbe must be granted a supply of sulpherous 
organic material so that the production of sulphides will be distinct. 
It may be shown that the ordinary media for use in this connection 
very often contain onlj' a very poor source of sulphur and they will 
often vary quite considerably in their content of sulphur. The con- 
sequence of this condition is that the demonstrable amount of sul- 
phides may vary from one experiment to another and from one in- 
vestigator to another, even if the ability of the microbe in question 
to produce HjS is stable. 

Another drawback with the ordinary media used for this de- 
monstration is that they are often so poor that the growth of the 
microbe is minimal and consequently its biochemical functions sta\ 
at a low level. As all bacteriologists have often obser\'ed, clear-cut and 
distinct reactions with lead acetate or with iron chloride is under these 


circumstances very difficult or impossible to obtain. 

As a rule, use of saturated filter-paper is unreliable. When man^ 
fluid cultures are grown in an anaerobic, jar, and there are strong 
producers in this jar, the atmosphere within the jar will continuous > 
he filled with H,S and the gas xvill be absorbed by the filter-paper 
in culture tubes w'here no H„S is produced, and the result of t le ex 

periment will be obscure. •» np 

To avoid all these pitfalls it is necessary that a medium sinta ) 
for the demonstration of H,S must filfull the following deman s. 


1. The medium must give an optimal growih. 

2. The medium must contain sufficient sulphur to ensure a 
production of H„S, if the microbe in question is able to do . • 

3. The medium must be so composed that a distinct 1 ere 
tion between positive and negative tests can be made. 

To meet these demands w'e have used ordinary phosphate broth 
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with addition of 1.0 per cent glucose and 0.1 per cent cysteine in 
thick tubes containing 8 cc. of medium and provided with a piece 
of iron wire or an iron nail. The medium is boiled and cooled before 
inoculation. Under these circumstances the cultivation of the anaerobes 
may he carried out in the open air w’ithout the use of the anaerobic 
jar! If desired, the cultures may be covered with a layer of sterile 
vaseline for the demonstration of the development of gas. The growth 
starts very quickly in these cultures and the development of H^S is 
demonstrated by the coal-black color that gradually takes the place 
of the formerly clear or slightly yellow culture fluid. In the case of 
a negative microbe the culture remains uncolored. 

As to the favorable function of this medium it is obvious that both 
the glucose and the cysteine will bring about a favorable oxj’dation- 
reduction potential for the growth of the anaerobe. The iron will have 
the same effect and also function as an indicator of the presence of 
H„S, which is fixed to the iron forming ferrisulphide. It is very 
probable that the iron favors the enzymatic process which results in 
the production of 11,8, hut it is also possible that the fixation of the 
deleterious gas H„S increases the possibility of growth within the 
culture and thus also increases the production of that same gas. 

Table VI demonstrates clearly the superiority of our medium in 
tests for HjS. Next to our medium comes the ferrichloride gelatin, 
while the lead acetate agar is very poor as a diagnostic medium. 

Tabic VI. 

Production of lUS in different media. 


Strain | 

B H. ‘ 
iron j 

0. S, 
broth 
-t- iron 

, Ilrolh 
+ Rliic. 

1 + iron 1 

Ilrolh 4- chic. 

1 -r cyst 1 

1 + iron 

Oclalin 
-h iron 

(■clntin ] 
4- ironcliloriiici 

1 

ARJir 4-lc.i 
ocel. 

S 19 

— 

— 

— 

+ +•' 

— 

+ ■ 

— 

S 7 

S 18 

— 

— 

— 

— 

— 

— 

Frag S 14 

— 

— 

— 

+ +-’ 

±' 

— 

2G7 

— . 

— 

± 

+ + +‘ 

++•’ 

+ + +' 

+ + +-‘ 

CH 

O- 


— 

+ + +' 

+++■' 

+ + 4-^ 

+■ 

748 

— 

+ 

— 

+ + + ' 

+ +■ 

+ + +- 

+ +® 

159G 

— 

— 

— 

+ + +’ 

4-1 

+ +•■’ 

4-' 


Tlic figures indicate the day of visilde reaction. 

The production of gas. 

The ability of our strains to produee gas has been investigated in 
fluid cultures covered with a layer of sterile vaseline. Different media 
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have been tested, all media containing 10 ml., 
made after 7 days of growth. 

The results are seen in Table VII. 


and the reading has been 


Table Vll. 

Production af gas in different media. 


Strain | 

Medium 

Poptone 
water 4- 1 "/o 
Slucose ! 

1 

Broth j 

Rrofh j 

+ l''/iiglue. ^ 

! Broth + 1 % 

1 gtur. + 1 '/s 
; cyst. 

[ .Meat 

S 19 

— 



4*4' 

~ 

S 7 





+ 

4" 


S 18 

— 


± 

± 

— 

Frag S 14 

__ 

i 

4- 4" 

++ 

— 

267 

-f-f 

++ 

-f- + 

4* 4- 

-f 

CH 

+ + 

+ + 

4- -f- 

■f+ 

+ + 

748 



+ -!- 

■++ 


1596 

+ ■4 

-f + 

•f -f- 

++ 

-h 


Reactions in milk. 

The reactions encountered in bacterial cultures in milk are of 
considerable importance in the correct diagnosis of anaerobic bacteria. 
However, the readings of these reactions are often quite difficult and 
the results of different authors not always comparable. We have there- 
fore tried to correlate different reactions met with and have tried to 
adjust them to our material. 

Milk is of course a very composite medium with its proteins, carbo- 
hydrates and minerals, and the different reactions met with from 
bacteria growing in this medium are caused by the different enzymes 
belonging to those bacteria. The types of reactions are as follows. 

1. No macroscopic change of the medium. 

2. Acid coagulation, caused by the flocculation of laclalbumen 

(isoelectric point 5.1) and of caseine (isoelectric point 4.6 ’ 

therefore, the bacterial growth causes the pH to fall below 5, e 
conditions for an acid coagulation will be present. A starting congu^a 
tion wdll, however, as a rule take place when pH reaches 5.4 

3. Rennet coagulation (chymosin) caused by the enzyme no J 
the acid. As these two modes of coagulation are of different ongi 
it is clear that the occurrence of coagulation in a certain 

be considered as a sign of the same biochemical procedure in a cs , 
hut attempts ought to be made to differentiate behveen the two P 
cedures capable of causing coagulation. . 

4. Peptonization of the milk as seen in a coagulum or, pre eia).. 
in a solid medium made from milk. 
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To meet these different considerations \\c have worked partly witli 
fluid milk, partly with milk incorporated in agar. The former medium 
has been made from skimmed milk sterilized 3 times in the usual way 
in the Arnold apparatus. The inoculation has been made with 2 drops 
from a brain-heart culture of the microbe in question. If a culture, 
made in this way and incubated in an anaerobic jar for 30 days showed 
no sign of morphologic change, it was ascertained whether there was 
any growth, and in the affirmative, the microbe was taken to have 
no effect whatever upon milk. If however, a daily control of the tubes 
in the experiment showed a starting coagulation the pH was im- 
mediately taken. If this was above 5.6, the eoagulation was considered 
to he due to an enzymatic function (rennet or otherwise). If, however, 
the pH was lower when the coagulation started we held the coagula- 
tion to he due to acid production. However, it may happen that these 
two coagulations may occur in the same test. It is eonscqucntly ne- 
cessary to make a special test for the occurrence of rennet in these 
experiments. This has been made in the following manner; The culture 
in question has been grown in double-strength broth for one week. 
Then the pH has been raised to 7.0 and the culture divided into three 
portions. One portion (A) was filtered through Berkefeld filters N, 
one portion (B) was centrifuged, the siqicrnatant fluid discarded and 
the sediment taken up in saline to the original volume, while the third 
portion (C) was used unaltered in the experiment. To the clear filtrate 
A and the suspension B 1 drop of phcnolc to inhibit bacterial growth 
was added. To all three portions 1 ml. of skimmed milk was added. 
In this manner it was possible to decide whether there was any ren- 
net production and if the enzyme was free in the fluid cell-free medium 
(A) or hound to the bacterial cells (B) whose respiration was hindered 
by the phenole only found in the living cells (C). 

The peptonization of milk has been studied both in fluid and solid 
media of milk. The peptonization of caseinc has been studied separate- 
ly in a medium as employed by IT. C. Frazier & Ph. Rupp (1928) (5) 
and made as follows: 

3.5 gr. of cascine is moistened in 150 ml. water. 

50.0 ml. Ca(OH)„, 

100.0 ml. 0.15 per cent Na citrate and 

200.0 ml. ordinary broth arc added. 

The mixture is autoclaved, and an equal part of 3 per cent agar 
is added before use. This medium is opaque and an eventual pep- 
tonizing effect is demonstrated by clear zones round the colonies. As 
seen in Table VHI, this peptonizing effect upon the caseine does not 
seem to have any relation to the peptonization of the solid milk 
medium. The latter seems always to be related to an acid production 
of the strains as controlled in the fluid milk media (pH 4.5 l .Q). 

The acid production in milk has been controlled by the production 
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Table Vlll. 

Reactions in milk media. 



[ Media 


1 

Kluul milk 

1 

plf in peptone 

i 


Strain 

coag. 

peptoniz. 

pH i 

water + I % i 
lactose 

j Agar 4- milk 

1 •'Ijar 
+ casciac 

S 19 

+- 

~ 

4.91 

4.98 

+- 


S 7 

— 



.6.26 

7.05 


■ ■ 

S 18 

— 


6.48 

7.14 

— 

— 

Frag S 14 

j-io 

, — 

4.61 

4.96 

+- 

— 

D 10 

+ 


4.50 

0 

T 


267 

4-30 

— 

5.48 

6.80 

i 

T 



CH 

— 

— 

6.32 

6.95 

. — 


748 

— 

— 

6.48 

6.83 

— 

— 

1596 

— 

— 

6.25 

7.02 




— : means no reaction after 30 days in fluid media. 

— : means no reaction after 7 days in solid media. 

+ : means positive reaction. 

of acide in 1 per cent lactose in peptone water and a complete cor- 
relation between the coagulation and acidification of lactose has been 
found. 


Summary and Conclusions. 

In this paper we have dealt with examinations of pus containing 
gram-negative rods and threads belonging to the genus of Jlacteroidcs. 
In the course of these examinations we have tried to make some basic 
studies relating to the conditions of growth of these Bacteroides anc 
also to ascertain the best manner of cultivation in order to 
optimal growth and to distinguish between different species h'' 
the genus. , 

The Bacteroides cultivated by us occurred partly alone, par 
together with aerobic bacteria of varying kinds. In order to ascer ai 
whether or not the Bacteroides had any etiological relation o 
diseases under examination, complement-fixation tests were 
formed. In two cases these gave positive results, indicating w 
strains of B, funduliformis might be the etiological agent, w > 
the other cases negative results were obtained, thus indica in 
the aerobic microbes might be of greater etiological interes , v, n 
anaerobes must be considered as contaminants derwea ™ 
localities where abscesses had developed. This fact shou! ^ 
born in mind when gram-negative anaerobes are encoun or 
purulent conditions with a mixed flora of microbes. 




553 


The biochemical examination of our strains gave some useful hints 
as to the cultivation of the above-mentioned kind. It has been shown 
that both glucose and C5'steine hydrochloride are very favourable, 
growth factors and able to initiate growth in poor media such as pep- 
tone water. A lower as well as an upper border-line of concentrations 
are very distinct. Cysteine functions at the concentrations of 0.006 
0.1, glucose functions at 0.007 — 6.0 per cent on an average, wdiile some 
strains require somewhat higher concentrations. When cultivated in 
ordinary broth a little less of these factors is necessary. The low con- 
centrations necessary to initiate growth indicate that the factors may 
act more as promoters of a favourable reduction potential than as 
energy-giving factors. 

Investigations as to the media suitable to give a continuous growth 
has been made in many generations of transfer, because a few genera- 
tions are not able to show what factors are needed. Some growth 
factor maj' he carried over from the inoculations and give a wrong 
impression of the ability of the medium to sustain growth. 

A point of great interest in fermentation reactions is very often 
overlooked in current literature dealing with these anaerobes, i. e. the 
pH measurement of the basic medium used with the carbohydrate in 
question and the same medium without this carbohydrate as a con- 
trol. It may happen that this measurement may give the same figure 
in these two media, and thus it will he illusory to state that fermen- 
tation of the carbohydrate takes place under this condition. In the case 
of B. funduliformis, it has been demonstrated that the addition of 
cysteine may activate a latent glucose-splitting enzyme. A test without 
cysteine in this case would give a negative glucose-splitting ability, 
while a test with cj'steine would give a positive result for one and the 
same strain. 

The demonstration of H„S in cultures of Bacteriodes plays a very 
great role in the diagnosis of species, as this demonstration in current 
literature very often is the determining factor placing a strain in one 
species or in another. It is a well-known fact to all bacteriologists that 
the ordinary technique on this point is very unsatisfactory. The quest- 
ion will often arise as to whether the test is positive or negative and 
a definite answer will not be possible. We have therefore worked out 
a new technique which always gives clear-cut results. This test is as 
follows; The strain in question is cultivated in a fluid medium (ordi- 
nary broth) with addition of cysteine and a small piece of iron. If 
H,S is present a black decoloration is formed and H„S may be chemic- 
ally demonstrated, wiiile the black sediment is seen to consist of sul- 
phides. This test may be recommended to those working with these 
microbes. 

The investigations of the milk-coagulating ability of strains is also 
of considerable interest. It may be seen from the literature that some 
authors claim that their strain either fermented lactose with a negative 
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coagulation test or vice versa. We have investigated this point veo- 
closely and have never found a positive coagulation test with a nega- 
tive lactose fermentation. The reactions of our strains in solid milk 
media have also been investigated. Distinct clear zones round the colo- 
nies on such media always occur in strains giving coagulation of milk 
and acid production in media containing lactose. A correlation between 
reactions in solid milk media and media containing caseine was not 
found. The reactions of rennet-like enzymes in our strains did not 
seem to be of any value in the diagnosis of our strains. 
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THE INFLUENCE OF THE ANTIGEN DENSITY AND 
OTHER FACTORS ON THE SERUM TITER 
IN THE AGGLUTINATION-LYSIS-TEST 
FOR LEPTOSPIROSIS 

By C. Ror(i-I'ctrr.^cu and A. Faunrn.c. 

(Rcccivocl for inililication Fohruary 2iul. Iflin.) 

Introdiiclion. 

A considerable disagreement between tbc results of tbc agglutina- 
lion-lysis-test for leptospirosis performed simultaneously at two Swe- 
dish laboratories with one and the same dog serum, led us to consider 
the importance of different factors, primarily the antigen density, 
which might influence the determination of the serum titer by this 
test. 

The relation between antigen density and scrum titer in tbc ag- 
glutination-lysis-tcst for Ic])tospirosis docs not, so far, seem to have 
been studied systematically. 

Most, authors dealing with this test confine themselves to stress the im- 
portance of using young and well grown cultures for the test. However, what 
is considered a well grown culture in one laboratory may not be considered 
so in another laboratory. For instance Broom {191S) considers (formolized) 
cultures with about 10 X 10" Icptospirae per ml suitable for the seroi-oaction, 
while Savino cb Rciiiiclla (1913) work with (living) cultures . containing 
SO— 150 X 10" leptospirae per ml. It should be added that both Broom and 
Savhw cb RcnncIIn perform their tests with mixtures of equal parts of culture 
and scrum dilution. 

Pettit tb Erbcr (193G) use su.spensions with about 100 (living) leptospirae 
per field (objective G, okular 4, Stiassnie) and dilute the cultures if they arc 
litres richesK. These workers pcrfoi-in the test with nine parts of culture and 
one part of serum dilution. 

Gardner (19.i7) expressly advocates a standardization of the antigen density 
for his rapid microscopic tost for leptospira agglutinins; according to Gardimr 
the culture should contain at least 10 leptospirae per Vw oil immersion field 
(the eyepiece magnification is not given), and if it contains more than 20 
leptospirae per field it should be diluted correspondingly. Tlie lest is per-' 
formed with about ten parts of culture and one part of serum dilution. 

Acta path. Vol, XXVI, 4 
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Stuart (1946) mentions a »standard density« meaning «a densitv con 
sideied suitable for serological work«, without giving further indications of 
the number of leptospirae m the »standard suspensions... 

IFard <6 Starbuck (1941) consider cultures with from 20 to uncountiHo 
leptospirae per field (magnification not given) »suitable as antigen for’tl.e 
agglutination reaction... 

For his macroscopic agglutination test Gardner (1943) prepared lepfosniva 
suspensions by the filtration through moistened cotton-wool of formolizeil 
three- to four-day-old serum-water cultures. Of these suspensions Gardner 
writes: »the density of suspensions does not vary greatly, and need not Lo 
standardized.., but no indication is given of the exact density of die antigen. 
By examination of Lederle’s diagnostic »antigen« Gardner found tliat tins 
antigen was six or eight times denser than his own antigen, and that tlie 
former seemed perfectly good for use in his method, when suitably diluted. 
The test was performed with equal parts of antigen and serum dilution (ex- 
cept in the first serum dilution (1 in 25), where practically undiluted antigen 
was used). 

For the macroscopic agglutination-test described by Pot (1936) the antigen 
■was prepared by re-suspension of the centrifugation-sediment from 250 ml 
leptospira culture in 10 ml formolized meat broth, and subsequent addition 
of formolized saline until the required density, »a definitely turbid reagent.., 
was obtained. The test was performed with mixtures of equal parts of antigen 
and serum dilution. 

Smith & Tulloch (1937) for their macroscopic agglutination test used 
ayoung actively growing cultures.., and mixed six parts of culture with one 
part of serum dilution. 

The above examples from the literature show’ that the density of 
the cultures used for the seroreaction in different laboratories (and 
sometimes perhaps also in one and the same laboratory) varies con- 
siderably. Consequently, if the antigen density influences the titer, the 
results of agglutination-lysis-reactions performed in different labo- 
ratories may not ahvays be directly comparable, even when the same 
strains and the same technique, as regards serum dilutions, ratio o 
volumes of serum dilution and culture, incubation time and Icnqic 
rature, reading technique and end point determination*) are use . 

It was, therefore, considered 'worth w’hile to investigate ur icr 
the relation between antigen density and serum titer. 

Material and Methods. 

Antigens. — 6 strains of leptospirae were used, viz. 2 
rhagkie AB (M,^ and M^gs), 2 L. sejroe (Mg, ^ j„ 

Utrecht IV and Alarich). The first four w'ere isolated from human b ^ 
Denmark, the tw'o canicola strains from dogs in Holland. Furtliei 
the origin of these strains are given in table 1, part A. filtered 

Cultures xvere growm in Korthof's (1928) medium with c. /a 
inactive normal rabbit serum, c. 0.1% filtered hemolysed las i niinutes 
cells, and c. 0.5 % autoclaved extract of baker’s yeast (extrac pooled 

in boiling water). 2 batches of medium, made w'ith different ba ^ ' volume 
rabbit serum, xvere used. The medium wms inoculated w'itb abou 
of one week-old cultures and incubated at 30° C for 5-— 21 . (q,. 

Dilutions of cultures w’ere made w’ith the same medium as u 
cultivation of tlie culture in question. 

‘) That divergences in serum titer must e.xist betw’een laboiatorics, 
use different end point determinations, is obvious. 
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nrirniihiatioii «f (iiiliuni driixUtj.- ■ liniiiodi.-ilcly iH'fon- llio rtillini'S ueir 
list'd for (ilniliiin cxpcriiin'nls ii sinnll porlioii of (•arli ciiiliirc was foniiolizr-il 
liy addiiiir 10^,' of a pliosphatc-lniffori'd ‘J '7 .'•"Intioii of foriiialdcliydo (pH 
7 . 0 ). i.o. to give a final forinaldoliydi' roncrnlratioii of (t.7^7. .Aflrr llioronuli 
iiiixdntr. a small aiiioimt of formoliyrd ciilturo was traiisfoncd to a i'clroff- 
Ilaiissor liactcria comiti'r (l•llandM•r•d('I»tll (1.02 iiiin> and (In' lojim.-pirai' 
in 20 small stiuarrs (racli stpmra mm) won- rmmtcd at a matmifiration 
of 1 1 X 28. 

Till' nmnlu'r of Iciilospii ac per ml formolii'rd l•nllnl•t• f.Vf) was ralridaird 
liy imilliplyinK X liy lO” (viz. x kk) x .^o x ipooi, and (lie nninlicr of lojito- 
vpirao in tlio living mltiirc (.X| ) liy niidliplying .N'l liy 

Ooiintings were rcpcatodly niailo in dnpliralr or in Iriidicalc. In llio casr 
of imdilnlrd cnltnn's iln' rosults of such ropcatcd coiintinus wi>r<- niosily vary 
ronsisti'iit, the difforoni’i's l>nl fxroptionally amotiniim: to la or 22 Vo tin' 
lowi'sl figiirr found in a srrics. 'Pin' rrsults of icpc-ali’d connlings made from 
dilntrd rnllurrs wn’o inori' inronsislfiil. alilioni;li tlif mi'ans of such coiin- 
linus rorrcspondcd ipiitc well with tin' (‘xprriril nnmiM-rs of Ii-plo'^iiirac in 
the' dilutions, ■riicrcforr, in llir lalilc- llir nnmlicrs of icpio'-pirar in tin’ 
rultnrc dilutions an' gin'ii as '/i or of llif ralrulati’d numln'i's of l(‘|)tii- 
-.pirao in tlir undilulrd ntlluri'S. 

Tilt' avt'iagi' li'iiglli (I.) of tilt' li'plosiiirat' in t-arli culturi’ was di'lfriniiii'il 
li\ nii'.'isuring 2r> li'pltispirtir, flio<rn at random, with tin ryi'pit'ff microtnftt'r 
at tilt' magnifiration 10 X 20. In two instanri'- this ipiantity M'as ilfti'rmint’il 
tuict'. with hut snuill variatitms of thf rrsults il.:i ami l.HVf td Hit' Itiwi-.st 
lalitt". 

.\ssutning tin otpial ami ronstant Ihifknt'ss of all li'jitospir;ii’ thf antiui'ii 
ih'iisity iD), in It'inis t>f thf sum of thf h'ligths tif all IfiUo-pirao in oiif ml 
fulniro. v\as I’.’ilrnlatftl hy inultiiilyinu N| hy 1.. 

Sri-ti. ■ ■ 12 srra wt'it' tisfd, viz. .*> from huimin I'finus and 2*) from tlogs 
\Mth artvial tir provitius li'i'to-pirosis, ami a from rahhiis, immnni/fil hy thrt'f 
to Ini’ a-tlaily intravi'iious itiji’flions of ineri'.'ising ipiantitifs of living r. om'- 
wffk-olil it'ptospira cuHnres (usually 1 •- 2 a ml , if ufrossary, ml 
ifpi'alfilly). 

Sfra from human hfitigs ami tings Wfii' nalivf. whili' thf rtihhit si'ra 
well' |irfs(‘r\fti hy thf tnlilition of fipitil parts <if slrrih' ghTfrini'. or hy tul- 
ilition of 1 Vr of ji 1 Vr solution of sodium mfrthiolatf. 

I'urthi'r ilftiiils of tin' origin of thr sfra aro given in tahli' I. ptirl 1!. 


lirirriniiialioii ii[ AtKjliitiniii-l.iixin-titrr, - ■ I'rom I'.'ifh sfriim a row of 
two fold dilutions in saline was imiile with a Ihisleiir jiiiiftle (used throughout 
the whole experiment). .'I ilroiis from earh tiilution weiv ilelivi>red into each 
of (■> tlwtirf test tuhes, wherehy (1 iilenlical rows of dilutions were oht.'iineil. 
To eaeh of the tuhes iti a row ;i drojis of a living eulture were aildeil. Therehy 
it was iiossihle to titrate eaeli serum against C tlifferent eultures (or eulture 
ililutions) simultaneously. .\s eontrols .serveil (I) a mixture of etpial parts 
of saline ami eulture (^negative eontroh). anil (2) a mixture of :! luirts of 
stiline ami 1 jiart, of eulture (x.'iO Vr rtmtropi). 

.■\fter having heen well shaketi the wire staml with the tuhes was left 
at loom temperature (e. ‘22 (..) for -I— (> hours, eovereil with a pail of iiaper 
tissue to countereil evaporation. 

Ileatling was then mailt' hy examining in dark-field, at a inagnifieation 
of 20X 7, a droidet from eaeh tube, taken with a idatintim looji and plaeed 
on a slide without coversli)). 


•) These sera were obtained from the Danish .mate Velerinarv 
Laboratory, by einirtesy of 11. ]•;. Ottoseii, Vet. M. 1). ' ' 
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Tabic 3. 

Results of aygluiination-lysis-lests with various dilutions of ciillmcs of 

sti'ams of Leptospira sejroe. ' 


24/11 48 


6-da3’-cultnres of L. sejroe in medium 555 



strain i\Is4 

strain Msod 

Scrum 

Dilution 

of 

Ni 

L 

Dm 

Titer 

Dilution 

of 

Nl 

L 

Dm 



culture 

(XlOG) 

O') 

(m) 

culture 

(X106) 

O') 

(ni) 

liter 

2955 

1:1 
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8.0 

660 


1:1 

124 

6.3 
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0,400 


1:4 

42 
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31 

> 

98 
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Explanation of abbreviations is given in table 2. 


Table 4. 

Results of agglutination-lysis-tests with various dilutions of cultures of 
strains of Leptospira canicola. 


(iCO 


Serum 

strain: H. Utrecht IV 

strain: Alarich 



Dilution 

of 

culture 

Nl 

(XlOG) 
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(,") 

Dm 

(w) 

Titer 

Dilution 

of 
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Dm 
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Explanation of abbreviations is given in table 2 
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The results, which are tabulated in tables 2, 3 and 4, show clearly 
that the liter of a scrum against a given strain increases with de- 
creasing antigen density, irrespective of the serological type of Uic 
culture! or of the animal origin of the scrum used. In the discussion 
we shall return to the relationship between antigen density and serum 
tiler. 

It is also seen from these experiments, that the titer of a given 
scrum with different strains of the same serological type is not 
always the same, despite the antigen density of the two strains being 
of the same magnitude. For instance, the strains and Alarich seem 
to be slightly more »scnsilive« than the strains and H. Utrecht IV. 
respectively. 

Influence of the age of the ciiUnre on Ihe scrum iiler. — To get an 
impression of the importance of the age of a culture for the scrum 
liter, two experiments wilii strains of two different serological types 
were performed. In each cxiierimcnl two sera were titrated simultane- 
ously against 2 strains of the same serological type, using cultures of 
different age (the variation of the age. however, being kej)l williin 
reasonable limits). The antigen densities of the cultures were deter- 
mined as in the previous experiments. 

The results of these cxiicrimcnls. which are tabulated in tables 5 
and 6. show liiat when the antigen densities were of the same magni- 
tude. increasing age of the culture in some cases caused a slight de- 
crease of the serum liter, whereas in other cases the scrum tiler re- 
mained unchanged (sec table 6. strain In the case of the strain 
(sec table G) a considerable decrease of the antigen density with 
increasing age complicated the evaluation of the results as regards 
the influence of the culture age as such. To this point, too, we shall 
return in the discussion. 

Possible influence of the medium used for the cullhmlion of the 
antigen on the serum titer. — In the few exjicriments here j)rescntcd 
no such influence was observed, when the culture age and the antigen 
density were of the same magnitude (sec table 6. 14- and 15-day- 
cultures of M.,,, also compare 7-day-cuIlurc of in table 6 with 
6-day-cuIlurc in table 3, and 6-day-cuIlurcs of and M,,„. in table 5 
with .>day-cultures in table 2). 


Discussion and Conclusions. 

In the experiments recorded above it was found (1) that the tiler 
of a scrum with a given Icplospira culture increased with decreasing 
antigen density. 

If we assume that, at least within the range of antigen densities 
usually employed in the aggkitination-lysis-tesl, the relation between 
the logarithm of the antigen density and the logarithm of the serum 
titer can be adequately exin-cssed by a straight line (and nothing in 
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Ihe results of the experiments hitherto performed speaks against this 
assumption) the results in tables 2, 3 and 4 show that ceteris paribus 
the serum titer is inversely proportional to a ])ower of about 0.4 of 
the antigen density.*) Our use of the expression »ahout 0.4« will serve 
to emphasize that this approximate value is given with every reserva- 
tion as to the outcome of further experiments. Only such experiments 
can decide whether or not the relation is the same for different sera 
and/or for different strains, and whether this relation (s) can he ade- 
quately expressed hy a straight lino. 

The experiments also showed (2) that in some cases different 
strains of the same serological tyjie gave different titers with the same 
serum, despite the employment of cultures grown in the same medium, 
of the same age, and of approximately the same density. This jiheno- 
mcnon of different >'sensitivily« of serologically identical strains is 
well known hy all lcptos]nrologists, and is probably related to the 
phenomenon of varying »scnsitivity« of a single strain at different 
times. 

Furthermore it was found (3) that increasing age of a culture 
might influence the serum titer in various ways, as in some cases the 
titer showed a decrease, in others an increase, while in other cases 
again it remained unchanged with increasing culture age. 

However, since a change in the density of a culture inflncnces the 
scrum titer, a possible influence of the cuUnre age as such on the 
serum titer can only he evaluated after due consideration of the an- 
tigen densities of the cultures in question. 

It is seen from tables 5 and 6 that after a certain jieriod of time, 
varying according to the general »condition« of the strain and al.so 
dc])cndant on the cultivation technique, the numl)er of lcj)tospirne in 
a culture decreased. Although as a rule this decrease in number was 
associated with an increase in the average length of the leptosj/irae, 
the latter hut rarely counterbalanced the former: therefore, the an- 
tigen density of older cultures was generally less than that of young 
cultures. Consequently, on account of the lesser density of an old 
culture, one would expect this to give a higher serum titer than a cor- 
responding young culture. Nevertheless, the serum titer in most cases 
remained unchanged or even decreased with increasing culture ago, 
which phenomenon can hardly he exjdained otherwise than hy a de- 
creased »scnsitivity« of the lejrtospirac in the older cultures. 

In the case of the strain which (being a quite recently isolated 


*) .Ml the observations l)eiiig treated as a whole, Iog„ serum titer was 
ploUecl against log„ antigen den.sity, the lowest log„ antigen density and the 
highest Iog„ scrum titer in each triplet of observations being called 0 'I'lie 
means (m m„ and m,) of log, serum titer’s for each log., antigen density 
(h, Z and 4) having been calculated, a straight line was drawn tliromrb m’ 
and m^. The slope (b) of this lino (log y = b X log x) was — 0.41. It should 
be added that the point m, was situated quite near to the line m^m^. 
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strain) showed a considerable decrease in antigen density from ihe 

increase in serum titer with the older cullurc 
of this strain may he considered roughly equivalent to the decrc. 
in antigen density. 

Finally, (4) no influence on the serum titer was observed by the 
use of different batches of medium for the cultivation of the antiocn 
employed in the agglutination-lysis-test. However, in relation to tliis 
point we want to recall the observations of Lumley (1937) and Malm- 
gren (1941), that the »sensitivity« of a given leptospira strain may 
vary considerably from time to time. Both Lumley and Malmgm 
were of the opinion that this variation was probably. due to some 


varying factor in the medium. 

In viesv of the experiences mentioned above, as wetl as of similar 
experiences previously made at the Danish State Serum Institute, wc 
feel justified in concluding that the results of agglutination-lysis-tests, 
performed in different laboratories (or in the same laboratory at dif- 
ferent times) are not necessarily directly comparable, even though the 
same strain and the same technique (including end-point determina- 
tion) are employed, unless the following factors are also taken into 
consideration (a) the »sensitivity«, (h) the age, and (c) the density 
of the cultures used for the test. 

However, in all probability it should he possible to overcome, with 
relative ease, the difficulties arising from variations of the factors 


considered here. 

(a) A standardization of the »sensitivity« of different cultures 
could he obtained by the titration (using a standardized technique) 
of these cultures against standard-sera, kept under optimal condi- 
tions. In the case of formolized cultures this method has already been 
used successfully by Gardner (1943). A suitable correction could per- 
haps then be introduced for such variations in the serum titer which 
are caused by' variations in the sensitivity' of a given strain. 

(b) The influence of the culture age factor will probably he 
negligible, if the cultures are used only when the number of leptospirac 
is at or near its peak. 

(c) The density of the cultures could either he standardized, or a 

suitable correction be introduced, Avhen the relationship between ic 
antigen density' and the serum titer has been more exactly e cr 
mined. . 

It is true that provided the sensitivity' of a formolized culture, ■^c]^ 
under optimal conditions, is constant, the employ'ment of sue i cu 
tures would mean a considerable simplification of the standar 
work. Gardner (1943) controlled the agglutinahility' of one 
formolized culture (0.25 % formalin) for more than two A 

which time it showed scarcely'- any' significant decrease. Accor mg 
Zuelzer (1936) leptospira cultures, formolized by the adci ion 
0.1 — 1 % of a 35 % formaldehyde solution and kept in sealed ca 
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glass-tubes, were still »durchaus 7.uvcrlassig« after 6 months, but 
their actual sensitivity does not seem to have been controlled. Many 
laboratories employ formolized cultures with confidence, apparently 
without actually controlling their sensitivity. On the other hand, some 
laboratories still experience difficulties in the preparation of reliable 
formolized leptospira suspensions. It is possible, howc^el, that the 
employment of a protein-free suspension-medium, such as that used 
hy Pot (1936). may solve this problem. 

II. should, therefore, he investigated whether the conclusions ar- 
rived at above in regard to llie agglutination-lysis-reaction are valid 
also for the agglutination-reaction with formolized leptospira sus- 
]iensions. 

One may ask whether the whole matter is worth the effort. We 
believe it to be of some im])orlancc for the following reasons : 

(1) A standardization of the agglutination-lysis-test (respectively 
the agglutination-test with formolized cultures) after the principles 
outlined above, would make po.ssil)le a direct comparison of the re- 
sults obtained in different laboratories, or in the same laboratory at 
different times. 

Experiences gained in one laboratory could then he utilized directly 
by other laboratories which use the same standardized test. As an 
example Esscvcld (1937), summarizing the extensive experiences 
gained in Scliiiffner's laboratory in Amsterdam, finds that a serum 
liter of 1 :300 may generally be considered a sign of actual or previous 
leptospirosis. These experiences, being gained in a single laboratory, 
arc presumably based on tests performed with cultures of a fairly 
uniform density. If wc assume this to he equivalent to 100 — 200X10“ 
leptospirae per ml, it is evident that titers found in another laboratory 
(V). using cultures with for instance 10X10“ leptospirae per ml, are 
not directly com])arablc with the Amsterdamtiters and. consequently, 
the experiences from Amsterdam cannot be utilized directly by Y- 
laboratory. Provided the technique used in Y-lahoratory is otherwise 
the same as in Amsterdam, a Y-liter of 1 ;300 may be roughly equi- 
valent to an Amslcrdam-Ulcr of 1 ;100 only, while an Amstcrdam-liler 
of 1 :300 may be equivalent to a Y-liter of about 1 :900. 

(2) When a serum from a patient reacts with strains of different 
serological types, one generally assumes that the infection of the ])a- 
tient is caused by a leptospira of the same serological type as the 
strain which gives the highest liter (provided the test is ])erformcd 
with strains of all the serological types which cause lc])tospiroscs in 
the population in question, and provided the serum sample is taken 
sufficiently late in the disease, i. e., later than the 4lh week). Here, 
too, it is necessary to lake into account the tiler-influencing factors 
mentioned above. For instance, if the density of a culture of type P- 
leplospirac is about 30 times the density of a culture of lyjie Q-lci)lo- 
spirae, the infection of a patient may quite well have been caused hy 
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a ep ospira of type P, even though the titer of the patient’s sorun, 
with type Q-culture is double that with type P-cuJture. If a Q-cu!(u e 
of the same density as the P-culture had been used, the Q-tiler ivo 
have been only half the P-titer. 


(3) Also m other cases for the true estimation of the strength of 
co-agglutmations it is necessary to consider the antigen densities and 
other factors influencing the serum titers. 

It will be understood from the above discussion that if the differ- 
ences in antigen density, culture age, and culture »sensitivity« arc 
only small, the influence of these factors on the serum titer is neglig- 
ible, whereas, on the other hand, major differences in these quantUics 
may cause considerable differences in the serum titer, especially if 
they are working in the same direction. Therefore, the importance of 
these factors should not be entirely overlooked. 


Summary. 

1. Exiieriments are recorded which show that ceteris paribus the 
titer of a serum, found by the agglutination-lysis-test with living Ic])- 
tospira cultures, increases with decreasing antigen density. The rela- 
tion between antigen density and serum titer is preliminarily deter- 
mined. 

2. Increasing age of the culture seems to influence the scrum tiler 
in two ways. Apparently the »sensitivity« of the leptospirae decreases 
with increasing age and for this reason the serum titer would decrease. 
However, a decrease in antigen density with increasing culture age 
may counterbalance, or even overcompensate, the decrease in :f>.sen- 
sitivity«. 

3. No influence on the serum titer was observed in our expen~ 
ments by the use of different batches of culture medium. Ho\rc\cr, 
according to other workers the serum titer may he influenced con- 
siderably by variations in the »sensilivity« of a given leptospira cu- 
ture, probably due to factors in the culture medium. 

4. The possibility and the importance of a standardization of lUe 
agglutination-lysis-test (and of the agglutination-test with formolizot 
cultures) are discussed. 


tot het W’eii- 


40. 
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BETA-HAEMOLYTIC STREPTOCOCCI IN THROAT 
AND ANTISTREPTOLYSIN TITRE 

By Tkoroll Pnckalcn. 

{Received for publicafion February 2nd, Wi9.) 

An elevated antistreptolysin (AS) litre in serum is as a rule due 
to the presence of antibodies specifically formed against streploiysin- 
O-producing streptococci. Non-specific increases are rave, having been 
observed e. g. in sera from hepatitis patients (5, \% IS, 2S), and in 
sera contaminated with certain bacteria (3, 8, 12). 

Everybody comes from lime to time into contact with the ubiquitous 
^-streptococcal agent, which results in a more or less marked rise in 
the AS litre. When the infection (manifest or latent), which follows 
the contact, subsides, the litre as a rule declines. The antibody level 
often remains slightly higher than prior to the contact, hou’cvcr. hoi 
infrequently such a moderately raised antibody level is the only sign 
of persisting dormant streptococcal foci. The majority of invesUgalors 
have found the bordervalue of “normal” AS titres to he appro^imnl^h’ 
200 units. Percentages of titres e.xceeding that value in “healtby m- 
dividuals have varied between 0 and 26 per cent (cf. table 2 in o- 
When subjected to a closer clinical and bacteriological examination, 
however, many “healthy” persons in such groups have been foum 
actually' or very probably' to be infected with haemolytic streptococci 

le- 7). . r r . 

The most important portals of entry for streptococcal in ec son. 
are the tonsils and the fauces. These are at the same time I le s* cs 
where probably' the majority' of streptococcal carriers harbour unf 
germs. The streptococcal carrier rate in human beings varies o course 
greatly in different climates, seasons, epidemiological environmeu s. 
and at various ages. . , .■ 

Modern enrichment techniques have increased the rates o nen s 
fied carriers to up to 30—40 per cent (13 — -15). 
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In a bacleriological and serological study of 437 lulicrculous and 
medical patients for multi])le infection the throat flora was examined, 
inter alia for the presence of ^-haemolytic streptococci, and the hlood 
serum for its AS titre. After deducing from the total material 51 pa- 
tients showing definite clinical symptoms of streptococcal disease, i. e. 
tonsillitis, rheumatic fever, acute glomerulonephritis, septic infections, 
there emerged a carrier rate of 53 per cent. This is a high percentage, 
hut it is to lie stressed that the majority of the patients were tuhercu- 
losis cases. The significance of the high proportion of streptococcal 
carriers in such a material will he discussed in another paper. 

However, in addition to this the material collected invited to an 
analj’sis of the relationship between the carriage of y9-haemolytic 
streptococci in the throat, and the AS level. 


Material. 

Of (he iiersons examined 337 Iiad 1 uhcrculosis, llio majority of tlicm 
pulmonary tuberculosis, several had pleurisy, and a few erythema nodosum 
tuberculous in type. Tlie remaining 100 cases consisted of patients with 
various internal diseases. 

.\s stated above 51 jiatients had “genuine’' streitlococenl disetiscs. Many 
of the remaining 380 patients suffered of conditions, such as pneumonia, 
lironchopneumonia, bronchiectasis, bronchial astlima, pliaryngilis, etc., which 
as a rule are not streptococcal in origin, but haemolytic streptococci may 
.-ometimes play a more or less preponderant role in them. Because of the 
familiar difficulty or in many instances even ihipossibility to differentiate 
these complications from tlie tuberculous jirocosses itroiier no attempt has 
been made, however, to subdivide the ittitients into grou))s according to the 
l)rcscncc or absence of such iiotcitUally streptococcal conditions. 


Procedure. 

Tliroat samples for bacteriological examination were takeit by swabbing 
the tonsils and fauces. Tlie majority of patients wci’c examined )-e])caled]y 
with one or several weeks' intervals: two thirds at least twice, one third at 
least thrice, some of them up to 8 — 10 times. The swabs were rubbed into two 
5 per cent liorsc blood agtir idates. One was incubated aerobically Die other 
anaerobically. Beta-haemolytic colonies wore identified by microscojiy, and 
titrated for production of soluble haemolysin. To one ml of serial dilutions 
of a 2‘ii's 0.2 per cent glucose infusion broth culture was added 0.5 ml of a 
.3 per cent suspension of washed sheep blood corpuscles, and the mixture 
incubated at 37° C. for one hour. The 50 per cent haemolysis end point was 
rend. 

Not infrequently strains were encountered which only irregularly and 
slowly gave a positive haemolysin test. Therefore typical j?-hncmoiyUc strepto- 
cocci were not regarded as lacking the capacity to form soluble haemolysin 
before retested several times with uniformly negative results. 

A nurnber of strains were tested with Lanccfield’s grou))ing sera, and for 
hyaluronidase production with the mucin-clot-prcvcntion test (M. C P ) ac- 
cording to McClean (10). ' ‘ 
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TliG cintistrGptolysin test was in all essentials ■nr'rfm'mnri 
Ipsens technique (4). Sera were inactivated at 56° C. for half an'^^hol 
preserved frozen at about -25° C., when not immediately exlmhiJd 
immune hoi se serum was used as a standard, or patients’ sera the litres of 
T^dJs smum'"” estimated by repeated determinations aglinn 

Tim reading of the titre end-point deviated from Ipsen’s procedure in 11 , m 
the 50 per cent haemolysis limit was used. For details the reader is reforro,! 
to a paper on antistaphylolysin titrations (13). 


Results. 

Carrier rates. Out of 386 patients -without definite clinical .signs of 
streptococcal infection 204, or 52.8 per cent, had /?-liaemolytic strep- 
tococci in one or several of their throat swahs. Of 51 patients willi 
such symptoms 43, or 84.4 per cent, yielded positive throat cultures. 
It should be stressed, however, that the percentages recorded do not 
represent the true carrier rates, but only minimum values, as will he 
apparent from Table 1. 


Table i. 


Significance of repeated swabbing for identification of maximum number of 

streptococcal carriers. 




Patients with 6-slreptococci 

No. of swabs 

Patients 

in 

their throat cultures 

examined 

examined 




1 

No. 

1 per cent 

1 

437 

175 

40.1 

2 

294 

159 

54.1 

.3 

136 

99 

72.7 

4 

80 

54 

67.5 

5 

44 

31 

70.5 

G 

30 

21 

70.0 


This shows, namely, the importance of repeated throat cultures for 
obtaining maximum results. A single examination and even 
secutive swabs seem to miss a certain number of actual carriers, x 
are identified by three (or more) examinations. 

Incidentally this observation obviously corroborates the correc 
of the public health authorities’ usual demand of three conscc 
negative swabs before declaring a person free of infection. 

Haemolytic power of throat streptococci and manifestation o 
tococcal disease. Strains isolated from 163 of the patients lou 
ical signs of streptococcal infection and from 39 of those 
symptoms were tested for production of soluble baemo ysin. 
from 121 of the former and 34 of the latter patients xxerc exa 





as to their serological group (Lancefield). When strains isolated on 
different occasions from the same ])alients, or when the same strain 
on repeated examinations gave varying haemolysin titres, the highest 
ones observed were considered as representative of the patients and 
the strains respectively. 


Tabic 2. 

Tlio incidence of manifest streptococcal disease among cari'iers of y5-strepfo- 
cocci witli varying capacity to form soluble haemolysin. 


Haemolysin litre 

Patients carrying ft 

-streptococci 

of isolated 


1 SflOWlIlR 

clim'cnl .sIriis of 

streptococci 

T otnU I 

slrcplococcal disen*;!' 



No. 

per cent 

0 

42 

2 

4.S 

1/1 

n 

1 

11.1 

1/4 

10 

2 

12.5 

1/lG 

40 

G 

12.2 

1/Gi 

5\ 

1.3 

24.1 

1/250 

32 

15 

40.9 

(Xon-cnrriers 

190 

S 

4.2) 


Table 2 shows clearly that strains with strong lysin production 
were, relatively taken, considerably more frequent among patients 
with clinical streptococcal disease than among streptococcal carriers 
without symptoms of such a condition. Thus, 24 and 47 ])er cent re- 
spectively of all the ])aticnts harbouring /5-strcptococci capable of 
producing soluble haemolysin up to titres of 1/64 and 1/256 or higher, 
suffered from clinically established streptococcal infection, as against 
only 5 to 12 per cent of imtients carrying /5-streplococci without any 
lysin formation or producing lysin to a low litre only, viz. 1/1 — 1/16. 
For comparison may be stated Ibal for patients with cultures negative 
for ^-streptococci the corresponding percentage was 4.2. 

Hnemolijlic power of throat streptococci and AS level in serum. 
A great number of investigators have shown that manifest streptococ- 
cal infections, tonsillitis, scarlet fever, rheumatic fever, acute glome- 
rulo-ncpbritis, etc. arc accompanied by a more or less marked rise 
in the antistreptolysin litre, viz. between 70 and 100 per cent of the 
cases. In the present group of 51 patients the percentage of “elevated” 
AS titres (200 units or more) was 76.5. 

The high rate, 52.8 per cent, of streptococcal carriers observed in 
the present material of patients not displaying definite symptoms of 
streptococcal disease corresponded to a proportionally increased in- 
cidence, 45.7 per cent, of elevated AS titres. It seemed of considerable 
mfercsl to analyze whether there existed also a quantitative rela- 
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tionship between the AS , level in the serum n, 
lysin production of the streptococcal strains ‘in thc'CT 
From the graphs in Fig. 1 it will be seen thnt f 
did exist. Patients carrying in their throat strains capn^LVfZtn! 
haemolysin production (titres 1/64 and over) had a Ih ^ 
elevated AS ti.vee than thoee ; i;' 



Figure I. 

Relationship between haemolytic power of tlu’oat streptococci ami AS Ic'd 
(expressed by percentages of streptococcal carriers having AS titres eiiual to 
or exceeding 50, 100, 200, 400 and 800 I. U., respectively. 

(titres 1/4 — 1/16). Lowest was the incidence of raised AS litres amont; 
carriers of haemolysin-negative (5-streptococci and non-carriers. P«o- 
lients carrying the weakest haemolysin-producers (titre 1/1) were in 
this material too few in number (9) to be considered representafite 
of their group. Their correlation curve suggests, however, that so "c.i > 
a haeinolj'sin pi'oduction may be inadequate as a stimulant of anti )oi 
formation. 

The graphs in Figure 1 refer to all streptococcal carriers umec 
investigation, i. e. irresijeclive of clinical symptoms of slrcptococca 
disease. However, a deduction of all the patients with such syniptoins 
from the total material, does not change essentially the results re 
corded. 

Carnage in the throat of ^-streptococci belonging to (Ufferent Cnnce 

field's groups and AS level in serum. Streptococci producing strep e 
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lysin O, which is the antigen rcsponsil)lc for the specific rises in AS 
litres, belong all lo Lanccficld’s serological groups A, C or G. The 
soluble haemolysins sometimes produced by /?-slrcplococci'belonging lo 
Lanceficld’s other groups, B, E, F, L. M arc anligenically unrelated to 
streptolysin O. Therefore, the incidence of elevated AS litres should 
be cx])ccted to be higher among carriers of /9-slre])tococci l)clonging 


CCNT 



Filjurc 2. 

Rclationslii]) Iiotwcon carriage of /S-stropfococci liclonging lo Lancefiold's 
groups .1. (; and lo other groups re.spectivoly, and AS level in scrum (cx- 

pressed as in Tig. 1). 

to the three first-mentioned groups than among other carriers. Pig. 2 
shows that this actually was the case. 

For comparison the curve of non-carriers is inserted in the graidi. 
It will be noted that its course is on a somewhat lower level than the 
curve representing carriers of ^-streptococci other than those be- 
longing to groups A, C or G. The last-mentioned curve, however, 
comprises not only (36) carriers of /^-streptococci identified as be- 
longing to Lancefield’s other groups (than A, G or G) but also 35 
patients carrying /9-strcptococci the grouping of which has been un- 
successful owing lo technical reasons. It may be assumed that a num- 
ber of these laslmenlioncd strains have actually belonged to groups A, 
C or G, a circumstance which would explain the observed slight ele- 
vation of the curve for this grou]) of carriers. 

This view is supported by the results of an examination of the 
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isolated ^-streptococci for hyaluronidasc production. The Meru- 
mucm-clot-prevention (M. C. P.) test was used (10). So far as pro': ! 
information goes predominantly strains belonging to Lnncefiel,)’ 
groups C (human type) and G are capable of producing bvaliironidase 
Of group A strains only those belonging to Griffith’s types 4 and 22 
have been observed to form the enzyme. In the present material noli: 
of 72 A group strains gave a positive M. C. P. test, whereas 35 of 41 
C strains and 31 of 34 G strains did so. Of 53 “non-groupahle” strains 
subjected to the M. C. P. test 10 were found to be positive. This mikes 
it probable that at least some C and G strains. actually were masked 
among the "non-groupahle” strains. It seems justified by analogy lo 
assume that a proportional number of M. C. P.-negative A group strains 
also may have been masked in this category. 


Persistency of streptococcal carriage and slahililij of orilistrcph- 
lysin level. When occasionally negative swabs obviously due to tech- 
nical imperfection in the isolation of the micro-organisms are dis- 
regarded, the outstanding feature in the findings is the pcmnncncy 
of the carrier state over long periods of observation. Of 70 carriers 
followed for more than 3 months only 15 eventually gave a negative 
culture. It should be noted, moreover, that in 10 of them the negativity 
referred to a single swab, and consequently may mean merely a failure 
of the isolation technique rather than actual disappearance of the 
streptococci. 

The AS titres recorded in the carriers are in good keeping with this 
observation of the persistency of their carrier state. Of 181 carriers 
followed with tw'O or more throat swabs only 25, or 13.8 per cent, 
showed an increase in their AS values by more than 100 per cent 
(or decrease by more than 50 per cent). In assessing this experience, 
all the titres recorded from one month before the first swali unti 
3 months after the last one have been taken into account. 
patients displaying clinical signs of streptococcal disease six, or > .» 
per cent, showed litre changes as against 19, or 12.8 per cent, o • 
patients without such symptoms. For comparison may be rccor 
that among 113 non-carriers the corresponding percentage 

Finally it should be stated that in 13 cases the rise or fal m i r 
coincided xvithin reasonable time limits with the appearance 
appearance of y5-streptococci in the throat flora, in the remainin 
cases failed to do so. 


Comment. 

The haeinolysin producing power of ^-streptococcal strains 
from the throats of patients displaying clinical symptoms ol ‘Y ^ ' 

coccal disease was on an average stronger than of those froin s r 
coccal carriers. Rather than indicating that strong haemoljsm pro 


lion must elicit clinical signs of streptococcal disease — in the present 
series not less than 67.5 ])er cent of all strains having a lysin litre 
of 1/64 or higher derived from streptococcal carriers without such 
signs — the observation seems only to show that strains with weak 
haemolysin formation seldom cause manifest symptoms. 

This tallies with the observation that carriers of /5-streplococci with 
no or very weak lysin production do not show any elevated antistrepto- 
lysin levels as compared with non-carriers. On the other hand, car- 
riers even of moderately lysin-active strains (litres 1/4 — 1/16) showed 
a considerable rise in their AS levels, although comparatively few of 
them displayed clinical signs of streptococcal disease. A more marked 
rise in AS litres was seen in patients harbouring strong haemolysin 
producers. This held true even when all ])alienls with signs of manifest 
streptococcal disease were excluded from the compiled material. 

The ])ossibilily has to he considered that in a number of carriers 
the tonsillar and faucal mucosa may be the only site of the infecting 
streptococci. An elevated AS in such individuals were then elicited by 
haemolysin absorbed from the surface of Ibc mucosa. On the other 
band, considerable evidence has been presented for this not being the 
sole event. Adamson (1, 2) and Ringerlz and Adamson (17) using 
necropsy material have shown in comprehensive bacteriological, sero- 
logical and histo-palbological studies of the lymph nodes of the re- 
spiratory tract that haemolytic streptococci not infrequently invaded 
these glands and even elicited in them a more or less cbaraclcristic 
cellular response. Purthermore the probable .synergism of tubercle 
bacilli and streptococci (1, 2, 0, 11, 12, 111 — 22) observed in many 
tuberculous subjects all hut presui)i)oscs a more intimate contact be- 
tween host and germ than is likely to occur on the surface of the 
mucous membranes of the nasopharynx. Also the long duration of 
the carrier stale and the persistently raised AS level in many of them 
are easier to explain by assuming the existence of foci deeper than 
the nasopharyngeal ones. 


Siimmartj. 

Bela-bacmolylic streptococci were demonstrated in the throat cul- 
tures in 84.4 per cent of 51 patients suffering from infections com- 
monly accepted as being of streptococcal origin. The streptococcal 
carrier rale in 386 (mostly tuberculous) patients without definite 
clinical signs of such an infection was 52.8 per cent. 

A single or even two consecutive throat swabs seemed to miss a 
certain percentage of carriers, whereas three or more were effective. 

Beta-streptococcal strains capable of ample haemolysin formation 
were more apt to elicit manifest symptoms of stre]nococcal disease 
than those producing little of the lysin or none. 
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Carriers of strains capable of ample haemolysin formation on n 
average had higher AS litres than those carrying veak Ivsin „ Zm 
or strains devoid of any lysin formation. 

In good keeping with this statement was the observation tint 
patients carrying /9-streptococci belonging to the streptoly.sin-0- 
producing groups A, C or G on an average had higher AvS litres Ilian 
carriers of other strains. 

The ,9-streptococcal carriage, once established, was found to lie 
surprisingly persistent, as were the elevated AS litres in the carriers. 


1 . 

2. 
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MOLONEY TEST AND ITS APPLICATION IN 
VACCINATION OF ADULTS 

By I. Schcibcl, S. Tuliuiu.t and K. Bojlen. 

(Received for pul)Iicn(ion February 2nd, 1949.) 

In 1025, Zoeller (.30) dcscnl)cd a skin reaction, »]’anatoxi-rcac- 
lion«, after i. c. injection of 0.2 ml. of a 1:100 dilution of dijilitlicria 
toxoid. Positive reaction, consisting of redness and infiltration on 
the site of injection, api)carcd in the course of one to three days, 
after vvhich it faded and disappeared. He thought positive reaction 
was due to hypersensitivity to the protein of C. diphthcriac, and pro- 
posed that this reaction, together with the Schick reaction, could 
he used as a measure of the slate of immunity against diphtheria, on 
the assumption that a Schick-posilivc person, who also showed posi- 
tive anatoxin reaction, was on the way to s])onlancous immunity. 
Moloney & Fraser in 1927 (22) noticed a correlation hclween anatoxin 
reaction and post-vaccinal reaction. They therefore suggested the use 
of this test as control for the Schick lest, instead of the healed toxin 
dilution hitherto employed. 

In succeeding investigiitions, Moloney iV Fraser (2.3 — 2-4 — 8) made closer 
examination of the relation between skin test and local and constitutional 
reaction after immunisation. They i)roposed as standard dilution for the skin 
test that dilution of toxoid wliich i)roduced 10—20 mm of redness in 50 % of 
persons between 20 and 30 years witli ))ositive skin I’eacfion. According to 
our knowledge, however, this standard has not boon followed, and as far as 
can be seen from the literature, 0.1 ml of a dilution 1:100 of the toxoid in 
question has been the dose most frequently used. The al)ovo-mentioned au- 
thors showed too tliat persons with strong positive skin reactions could be 
immunised with minute doses of prophylactics without getting post-vaccinal 
reactions. 

Tlio test was soon afterwards used as a routine test in mass-immunisation 
of children in Canada (G — 7—10—20). 

O’Brien & Parish (25), MeSweenoy (21) and Underwood (37) confirmed and 
elaborated these investigations. The test has been referred to in England as 
the »iMoloney Test«. This name, which is now commonly adopted, will also 
bo used in the present work. 
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In this country, Stig Thomsen (35) in 1944 stated in a short artirio n . • 
was possible by means of a similar test, to anticipate to a ce • a! £ ! 
post-vaccmal reaction of patients. He immunised positive persons win, .V n 
?e°actio".r correlation between skin reaction and post-vliS, 

Until recently, only children have been included in routine-vaccina- 
tion in Denmark. The number of children with symptoms after injec- 
tion of prophylactics has been very small, and the symptoms have 
been so negligible that we thought it unreasonable to bother the 
children with still another injection and to complicate field work for 
the doctors by the introduction of the Moloney test. 


However, increasing morbidity amongst adults, even amongst the 
older age-groups, made it necessary in 1943 — 44 to start extensive 
immunisation of adults. It is a well-known fact that symptoms occur 
with greater frequency and severity in adults. We therefore con- 
sidered it essential, as part of our endeavours to reduce these .symp- 
toms, to investigate more closely the advantages of the Moloney re- 
action. 

The present investigation comprises 835 persons, aged 20—74 
years, members of the staff of the Carlsberg Breweries, Copenhagen.') 


Moloney Test. 

Technique. 

0.1 ml of a dilution 1:100, corresponding to 0,05 Lf of the same toxoid, 
which after adsorption to Al(OH)3 w'as used for the immunisation, was in- 
jected i. c. on the flexor side of the right forearm. The dilution was made 
xvith a phosphate buffer of pH 7.4. The reading was made 48 hours later. 
Reactions were classified according to the definitions given by Underuoot 
(36); no reaction (-t-); faint reaction (+) — definite area of erythema of /css 
than 10 mm in diameter without induration, or any area of a faint pm ’ 
colour xvhich shoxved no thickening and xvhich was not due to trauma; mi 
reaction (-1- +) — an area of erythema of more than 10 mm in iliameicr, 


Table I. 


Moloney results 

No. 

% 



380 

45.5 


-1- 

77-) 

9.2 



107 

12.8 


H — h + 

271 

32.4 

— 

Total 

835 




*) Three of this gi’oup later showed delayed reaction. 


•) We are glad to take this opportunity of thanking 
that time Managing Director of the Breweries), whose 'in ' ‘ 

tanding made this investigation practicable, and also the w • ,^^,^^ 1 ,,,. 

iloyecs who, through their readiness and patience, contiibu 


jilishment. 
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with an area of slight induration; definite reaction (+ + +) — a large area 
of erythema up to fo mm or more in diameter with a definite palpable aiea 

of induration in the centre. • , , i„ i 

The frequency of the different reactions is given in table 1. 

The different reactions seem roughly to fall into simdar size to 

those for adults in America and England, though the mvestigations caiiied 
out there have been chiefly on younger groups, as far as is 
;i.o years of age. Moloney et al. (24).rcport 49% and 24 % ++ and + + + leat- 
tioii.s amongst 5G0 and 580 persons in the 20— 3o and 10-19 age-groups ic- 
spectivcly. O’Brien & Parish (25) found 29.4 % mild ^fimte i-aac^o^a 
among 102 persons in the 19-28 age-group, Underwood (3i 3o % abong 107 
persons in tlic 15—19 age-group, and Brandon & Fraser (4) 3o% among 87 
medical students. Bunch, Uforrow, Timmons & Smith (o) report frequencies 
varying from 19—03% in three groups of Schick-positive medical students 

and nurses. . , , ^ 

In the present material, very extensive and unpleasant reactions 

were found in 48 out of 271 persons (17,7 %) in the -f -1-+ group, i. e. 


redness and oedema uji the size of the palm of the hand, with a centre 
area showing India formation and in some cases slight necrosis of 
the tissue heneath. The reactions disappeared in the course of 4 to 
9 days. Three cases were accompanied hy rise in temperature to 40°, 
acute feeling of malaise and di.sahility for work lasting for a few days. 
These strong reactions occurred with equal frequency in both sexes. 


independent of the patient’s natural antitoxin titre and previous 
dipththcria. Moloney & Fraser (23) dcscrihe similar strong reactions 
in adults, hut make no mention of hulla formation. 


Influence of age, sex and history of diphtheria on the incidence 

of Moloney reactions. 


Table 2. 

Dii 5 trihutioii of Moloney renedons according to age, sex and 
lu'cvious diphtheria. 


Moloney, 

results 


-f Previous (liphlhc 

Tin 



- f - 

Previous 

diphtheria 


< 50 yrs. 

> 

’ 50 

yrs. 



< 50 

yrs. 


i 

> 50 

vrs. 




1 ‘’-'o 

O' i ".'o 1 


I""! 

o" i ^ 

-0 

9 1 

1 

o' 1 

'’,0 

i ^ ' 

"/o 

lo'l 

1 "/o 

- 4 - 

7 

35 

0 23 

2 

11 

0 : 

So 

70 

50.4 

170 

43.7 

33 

44,0 

SO 

53.3 

+ 

2 

10 

1 3 

2 

11 

0 

0 

14 

9.3 

34 

8.7 

8 

10.8 

10 

10.7 

+ + 

3 

15 

3 11 

5 

28 

1 

14 

17 

11.3 

42 

10.8 

14 

18.9 

22 

14.7 

+ + -f 

8 

40 

10 01 

9 

50 

0 

0 

44 

29.2 

143 

30.8 

19 

25.7 

32 

21.4 

Total 

20 


20 

18 


7 


151 


389 


74 


150 



,4 ge. 

A more detailed age analysis had to he abandoned because of the 
relatively few persons in the younger age-groups (a total of 32 under 
30 j'ears of age). We have therefore limited ourselves to two age- 
groups — under and over 50 years. It should he mentioned that a 



580 


trial distribution into further age-groups did not si)orv any rise in 
Moloney positivity with advance in age among persons under afl ynn 

Because of the greater number of persons it comprises, the grouu 
without previous diphtheria is the most suitable for an ’analysis of 
the effect of age and sex. It can be seen that the difference in fre- 
quency between the two age-groups is insignificant wiUiin all four 
reaction grades for women, and the same applies to men. except for 
the + + 4- group, where there seem to he fewer strong reactions in 
the group over 50 than under 50 years. A calculation for com- 
parison of the ciislribulion shows that age is a relevant factor for 
men (P - 1 %) hut not for xvomcn {P ~ 40—50 %). 

Moloney et ah (24), McKinnon & Ross (20) and Underwood (37), 
whose investigations hax’C chiefly comprised children and youni; 
people, found an increasing numher of Moloney-positive reactions with 
advancing age. McKinnon & Ross (20) suggest that age in itself may 
influence the development of sensitivity, whereas Underwood con- 
siders that increased frcquenc 3 ^ of Molones'-positive reactions results 
from increased possibility of contact with C. diphtheria. As mentioned, 
we have not been able to demonstrate anj' increase in Moloney-positive 
reactions with advancing age, which rather supports Underwood's 
theorj', since the age-groups dealt with here may he regarded as having 
equal possibilities for latent infection. 

On the other hand, it is possible that the reduction in sensitivity 
in older age-groups revealed by our figures is a result of age, or pos- 
sibly a combination of age and sex. However, our material does not 
furnish any further detail on Ibis subject. 


Sex. 

A y.e- comparison between llie distribution of the various Molone)’ 
reactions in men and women shows that those do not differ signi- 
ficanllj' in cither of the two agc-groiq)s. Sex, therefore, in agreemcnl 
with Underwood’s olrscrwitions (37). does not seem to influence Mn- 
lonej' reactions. 

Ilislory of Diphtheria. 

ZoeUev (39) observed that the numher of »analoxin reactions® rose 
during a diphtheria epidemic. Allin, Fraser & Hannah (1) demon 
stralcd that patients may — ■ and as a rule do — become Mo oiwj 
positive within a short period after an attack of clinical dip 
Wc have therefore investigated the question if persons with a 
of diphtheria differ with regard to Molone.v reaction from 
out previous clinical dij)hlhoria. The left half of Table 2 shows 
distribution in this group. Direct comparison between the conespo’^ 
ing groups in the other half of Table 2 shows that most 
lions arc to he found among pensons with previous diphtheria. . s 
groups are loo .small to permit a 7.- calculation, wc have iimt c< « 
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selves to a statistical evaluation of the difference between the relative 
frequencies of + + + reactions. This gives the following P values for 
the four possible comparisons: 32, 1, 6 and 63 %. The probability of 
obtaining such a series of percentages assuming that the + and y 
diphtheria groups are equal — ■ is 4 %, which means that just signi- 
ficantly more positive reactions occur in the diphtheria group. 

It should he mentioned that a decrease in strong reactions in men 
over 50 years of age can also he seen in the diphtheria group. 

Relation between antitoxin content and Moloney reactions. 

At the same time as the Molonej^ test was read, a hlood-test was 
taken from all + + and + + reactors. The antitoxin content of this 
blood-test or the specimen itself will, in the following, he called AT„. 
It would have been desirable to investigate AT^ in + and reactors 
as well, but it was impossible at that time, from a practical point of 
view, to take and titrate more blood-tests. Titration is made by intra- 
cutaneous injection after Claus Jensen’s method (14). 

No account has been taken of age, sex or history of diphtheria, as 
preliminary investigations showed that these factors did not appear 
to influence AT^ within the age-groups in question. So far, this is in 
agreement with previous observations (13 — 33), as the age-group 
(under 30 years) which has been shown to have less natural immu- 
nity is so sparsely represented in the present material that it evades 
examination. 

The results are shown in table 3. 


Table 3. 

ATo and Moloney reactions. 


Units per ml 

Totals 1 


Moloney 

results 


++ 1 

+++ 



No. 

1 % 

1 1 

0 ' 

0 

< 0.001 

54 

10 

15.0 

38 

14.1 

0.001—0.01 

28 

12 

11.2 

10 

5.9 

0.01—0.1 

118 

38 

35.5 

80 

29.7 

0.1—1 

145 

30 

33.6 

109 

40.5 

>1 

31 

5 

4.7 

26 

9.7 


376 

107 


269 



The percentages show directly that no difference is demonstrable 
between the frequency of persons without measurable AT^ titre in 
the two Moloney groups. Among those Avith measurable titre, there 
seems to be a tendency toAvards more persons Avith higher A'alues in 
the -f -J-+ group. The difference in frequency of titres oA-er 0.1 AU in 
the tAA’o groups is just significant (P = 5 %). 
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Underwood (3/), who also examined the distribution of AT Avilh;,, 
Moloney ++ and + + + groups, finds 21.8 % (5/23) without measur- 
able antitoxin among -f-i- reactors, as against 11.8% ( 9 / 7 ) 

+ + + reactors, and 73.9 % (17/22) > 0.1 AU among + + "rcaclors as 
against 76.5 % (13/17) among + + + reactors. His groups being rather 
small, no significance is demonstrable. 

Being unable to compare the natural immunity estimated from 
ATo titres in the -h and + groups on the one hand, with the two 
strongly positive groups on the other, we have examined whether the 
distribution of AT„ in the latter is distinct from that in a group of 
persons who were not Moloney tested but whose AT„ titres were de- 
termined a few months earlier. 


The last-mentioned group contained a significantly larger percen- 
tage of persons under 30 years of age without measurable antitoxin 
titre, and this age-group has, therefore, been excluded to ensure better 
comparison. 

The distribution of AT, titres is seen in table 4. 


Table h. 

ATo in non-Moloney lested group. 


Units per ml 

1 No. 

«/o 

< 0.001 

23G 

39.2 

0.001—0.01 

82 

13.G 

0.01—0.1 

IGl 

26.8 

0.1—1 

107 

17.8 

>1 

15 

2.5 

Total 

GOl 



Comparison of this table with table 3 shows an obvious difference 
in the distribution. There are 2 — 3 times as many persons witliout 
measurable antitoxin titre in the non-Moloney tested group as in the 
Moloney-positive groups, while the frequency of persons with AT„ 
over 0.1 AU is 1.9 and 2.5 times respectively greater in these two 
groups than in the non-Moloney tested group. 

The differences are highly significant, the biggest P being under 
P/jip. Though positive Moloney reaction is far from being synonymous 
with natural immunity — 20 — 26 % are under the Schick Ic\cl 
(0.01 AU) — there is no doubt that the state of immunity, judged 
from AT„, is better in a Molonej'-positive group than in a non-Molonc> 
tested group. 

This is in agreement with the findings of other authors (Zocllcr 
(39); Moloney & Fraser (22); McKinnon & Ross (20): Undcruood 
(37), Brandon & Fraser (4)). 

Bunch, et al. (5) Moloney tested a group of Schick-posilive persons 
and accordingly found a large majority of Moloney-negative or weak.' 
positive reactions (67/92 = 72.8 %). 



I'faii of Innniinisalinn. 
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Immumsaiion. 

Based on our experience (33) that a reduction in dose of pro- 
phylactic from 25 to 5 units resulted in fewer post-vaccinal reaclions 
in a non-Moloney tested group, we chose doses of 5 units for 
reactors and 1 unit for reactors. ^ and + reactors reccivin!; 

a full dose, according to the following plan; — see page 583, 

Our object in giving the whole ++ group the first injecUou with- 
out regard to AT,, was to obtain, without the risk of loo much in- 
convenience to the vaccinated, information as to whether post-vaccina} 
reactions occurred mainly in the naturally-imnume among Moloncy. 
positive persons. 

The + and + + groups received the first injection on the same 
day as the Moloney test was read, while the + + + group, where only 
persons with less than 0-01 AU previous to immunisation wore vac- 
cinated, were given the first injection a week later, as a preiiminary 
titration had to be' carried out. 

Tiio prophylactic used was that generally used in Denmark for n(tiiih. 
). e. purified toxoid adsorbed on to aluminum hydroxide- The toxoid w;h 
puriiied by uttrafiltration (32), and contained 620 Lf, ])er mg y. Ahor diiatiDn 
in saline mixed xvitb 5 % phosphate buffer solution pH 7.i and 0,1 % Mnr- 
tliiolate, a sterile suspension of aluminum hydroxide with known AlaO;! con- 
tent was added, so that the prophylactic contained 25 Lf, and 1 rog iiiami- 
num per ml. -An antigenic test on guinea-pigs, after the Prigge motiiod (dOj. 
shoxved 120~-3{)0 protection units per ml. of a dilution containing 50 Lf, awl 
1 mg Al. per ml. 

The injections wove given subcutaneously in the supraspinalous rcgioi). 

Results of Immunisation in ++ and -4 + + groups. 

In order to control immunisation with reduced dQse.s, blood-lesl!' 
were taken from + + and + + + reactors two weeks after the 
injection and one year later (before the final injection), The results 
of titration are shoxvn as the geometric mean in table 5. Oniy per-sons 
without measurable antitoxin litre before the first injection are in- 
cluded in the table. 


Table 

Titrc of nnthoxin after immunisation. 


, I Units per ml gcom. mean 

.Holoney ,, — - 


MOioney | 
rc.suUs 

i 

' licrore 1st 

inji'clion ! 

2 weeks after 

3nl injcclicn i 

[ I year after 

j .Vr<i injeetfra 

1 

Ko. j 

No. 


j 



IG j < 0.001 

IG 

1.09 (0.09-56.0)*) 

13 

0.10 (0.02-20.0) 

+T+ : 

3-1 * •< 0,001 

s 

34 

1.02 (0.02-50.0) 

29 

1 0.09 (0.01- 20) 


■) The figures in brackets give the lowest and lughcst titres in tl'C gio'd'- 
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As will be seen, no titres less than 0.02 units per ml were found 
in either group tAvo weeks after the third injection. One year latei, 
Iiefore the final injection, the mean titres had decreased about ten 
times in both groups. However, all persons could still be considered 
protected, since no titres below 0.01 units per ml w’ere found. The 
mean titres w’cre alike in the two groups, although the + + + gioup 
received five times less antigen than the + + group. This cannot be 
taken as proof that + + + reactors are easier to immunise than + + 
reactors, since the doses-response curve is not knowm for the two 
groups. 

It has been stated that Moloney-positive persons can be immunised 
more easily than Moloney-negative persons (inter al. Moloney et al. 
(24); Burke (6); Fraser (8); Bunch et al. (5)). Having no antitoxin 
titration from the Moloney-negative group, we undertook a comparison 
with a non-Moloney tested group immunised two to three months 
earlier with the same dose of prophylactic as used for the -1- + reactors 
in the present investigation. The means of this group are summarised 
in table 6. 

2' able 6. 

.\ntito.\in after immunisation of a non-Moloncy tested group. 


Units per ml gcom. mean 


Hcforc Isl 

2 weeks after 

j 1 year nfler 

injection 

3r(l injection 

3r(l injection 

N'o. 

30 

1 

< 0.001 

1 Xo. 

30 

0.33 

CO o 

0.13 


Statistical evaluation shows that the differences between the means 
for this group and for the ++ and + + + groups two weeks after the 
third injection (table 5) are significant (P = 5 % and 3 %, respec- 
tively). Thus we can confirm the ohservations of the authors cited 
above. 

A non-Moloney tested group of 17 persons containing just mea- 
surable antitoxin titre before immunisation (geometric mean 0.0035 
units) and vaccinated in the same way as the ++ reactors, showed 
more than ten times higher antitoxin production (geometric mean 
12.9 units) than the 4-4- and 4-4-4- reactors. Thus, as regards ability 
to produce antitoxin, these latter would seem to be above those with- 
out natural immunity and of unknown Moloney sensitivity, but con- 
siderably below persons with even traces of natural antitoxin. 

With regard to antitoxin content one year later, there are only 
slight differences in the means shown in tables 5 and 6, tbe decrease 
being greater for the Moloney-positive groups than for the non-Moloney 
tested groups. We consider that this has no bearing on the Moloney 
state, but is due to the relation of loss of antitoxin to original anti- 
toxin level (33). 
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Since the litres before the final injection were all 0.01 units o 
more, we found it unnecessary to control the results of this injcclioi 
in extenso, but confined the blood-tests to five pcrson.s in the -- 
group and ten persons in the + + -f who contained less than 0.05 units 
before the final injection. All of them showed litres of more than 
0.2 units two weeks after the final injection. 


Reactions after vaccination. 

At the time of the second injection, each vaccinated person was 
questioned regarding the course of the first injection, and this svas 
also done at the succeeding injections. The complications arc classi- 
fied in the following categories: — 

0 — none or negligible local and general reactions, c. g. in-signi- 
cant tenderness and infiltration, or rise in temperature lo 
not more than 38.5° C for less than one day, without other 
S5’mploms. 

J — moderate local and slight general reactions, e, g. rise in tem- 
perature over 38.5° C for not more than one day, without 
confinement to bed or disability for work. 

2 — pronounced local tenderness and infiltration and/or general 
symptoms, such as confinement to bed or disability for worh. 

Table 7 shows the frequency of reactions after the first injeclion. 


Table 7. 

Frequency of post-vaccinal reactions. 


1 

Molonej' 
results I 

Dose of i 
pro])hyluclic 

Totals 

[ Degree of reaction 

1 0 j 

! 

2 


25 units 

380 

354 = 93.2 % 

4 = 1.1 % 

22= 5.8rc 

+ 

25 units 

77 

04 = 83.1 % 

4 = 5.2 % 

9 = 11.7 fr ! 

+ + 

5 units 

107 

84 = 78.5 % 

5 = 4.7 % 

18 = 10-1' V 

+ + + 

1 unit 

59 

41 = 69.5 % 

4 = 6.8 % 

14 = 23/57 


*) Two of these showed delayed Moloney r’caction. 


Negative reaction lo the Moloney test is not tantamouid to non 
occurrence of excessive post-vaccinal reactions, there being a.S /c 1>T'^ 
2 reactions in this group. 

In spile of the reduced doses of prophylactic, increasing rcac ion 
frequency can be seen with increasing Moloncy-posilivily. ^ 

Statistical evaluation of the difference in reactions between tic ■ 
group and the three other groups shows significance hclnccn '<■ 
group and the +-f- and + + 4- groups, hut not between the -r- an< 
+ groups (P = 10 — <0.1 and <0.1 % respectively). 

\Yc have tried in the following to evaluate these differences fur icf- 
taking into account the available factors which might influence rc 
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qucncy of vcaciion, i. e. A^l'p, history of diphtheria, age and sex. As in 
practice it is type 2 reactions which arc of the greatest importance, 
only these reactions arc included in the following analyses. 


Influence of Al\ on frcquencij of reactions. 

Previous investigations (26 — 29 — 10 — 33) have shown marked de- 
pendcncc of AT^, on frequency of reactions, most reactions occurring 
in the groups with natural antitoxin. We have dealt in detail with 


Table S. 

Influence of .ATo on reactions after imnumisation in the ++ gronj). 


' f 

1 

1 

1 

Total 

i 

i 

’ 

Reaction 

2 


Q : 

O' 

; 

o' 

i '>,0 

< 0.001 

Ti 

11 

1 

20 

1 

0 

0.001—0.1 

;i 

0 

1 

33 

1 

11 

0.01—0.1 

li 

21 

3 

21 

O 

8 

0.1-1 

1.0 

21 

1 

20 

•1 

10 

>1 

8 

3 

0 

0 

1 

33 


30 

08 

0 


0 



this in an earlier work (33) and mentioned some ])ossihlc explanations. 
These investigations, however, have only included non-Moloney tested 
persons. In the iirescnt material, only one grou]) — the -I-+ reactors 
— ■ is suitable for further elucidation of the problem, as AT,, here is 
known and the first injection (5 units) given regardless of AT,,. 


Table !>. 

Influence of age, sex and history of dii)htlieria on reactions 
after immunisation. 


Moloney 

results 

Age 

O- 

Tolnh 

juevious tliplilh. 

1 lU'.'n tion 2 

• - 

previous 

Toliils j 

diphlh. 

lU'iti'lioit 2 




9 ' 

i o" 

1 9 


1 ^ t 

1 O ' 

«,() 

^ ? i 

o" i 

2 1 

"o ! 

O' 

1 % 

1 

t 

<50 

7 

0 

1 

11 

0 

0 

70 

170 

10 

13 

8 

4 

>.50 

o 

0 

0 

0 

0 

0 

33 

SO 

o 

0 

1 

1 

a, i 

< 50 

2 

1 

0 

0 

0 

0 

11 

31 

3 

21 

4 

11 


>50 

O 

0 

0 

0 

0 

0 

8 

10 

1 

12 

1 

0 

++ 

1 

<50 

3 

3 

1 

33 

1 

33 

17 

42 

3 

17 

4 

9 

>,50 

5 

1 

1 

20 

1 

100 

M 

22 

1 

28 

3 

13 

1 

+++ 

<50 

1 

0 

0 

0 

2 

10 

8 

31 

4 

50 

5 

10 

> 50 

0 

0 

0 

0 

0 

0 

0 

8 

3 

50 

0 

0 
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Table 8 gives the incidence of reactions within the diffcrcnl AT 
litres and shows that there are no significant differences or systenialic 
features either for men or women. Comparison of reaction pe'rcenlaqes 
among persons with no measurable antitoxin titre (less than 0,001 
units) and the others gives 20 % as against 25 % and 9 % as atjainsl 
14 % for women and men respectively'. In both instances, the differ- 
ences must he regarded as purely accidental. Therefore, natuml anti- 
toxin does not seem to have any hearing on the occurrence of reac- 
tions if hypersensitivity to diphtheria prophylactic previously exists. 

In Table 9 type 2 reactions are distributed according to ])rcvious 
diphtheria, age and sex. 

History of Diphtheria. Comparison of the left and right scclions 
of the table does not indicate any connection between previous diph- 
theria and frequency of reactions. Claus Jensen (15) and Wohlfei! 
.(38) observed, xvithout taking any other factors into account, that 
most reactions occurred in children who had previously had diph- 
theria, whereas Scheihel et al. (33) could only demonstrate this cor- 
relation in one group, viz. the group with less than 0.01 units of anli- 
toxin prior to immunisation. The immunised -f-f + reactors in the 
present investigation represent such a group, hut again reactions arc 
no more frequent among persons with previous diphtheria. However, 
the different groups are so small that we can only state that history 
of diphtheria need not he taken into consideration in the following. 

Reaction and Age. It has been assumed that age may he a factor 
influencing frequency of reactions (18 — 11 — 26 — 31), and that most 
reactions occur in older age-groups, Wc failed to find any increase in 
the frequency of reactions in the age-group 15 — 50 years among non- 
Moloney tested adults, whereas there was a significant decrease from 
this age-group to the next (> 50 years), taking into account AT„ and 
history of diphtheria (33). On hasty consideration of the and + 
groups in table 9, the tcm])tation might he to believe that the same 
applies to this material. However, statistical evaluation of the differ- 
ence in the h- group, i. e. the group shoxving the biggest differences 
and comprising the largest number of observations, gave P as 34 /c 
for women and 28 % for men. Thus the deviations observed arc far 
from being significant. This discrepancy from our previous experience 
is probably because of the Moloney classification, since the effect of 


Influence of 

Tabic to. 

sex on type 2 reactions in 

the different Moloney protip.s. 

Mo’oney j 


Total 


Iteaclion 2 

re.nclionsi 

o 

1 o' 

9 

«/o 1 cf 1 . 

-T- 
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202 

13 

11.0 0 I'l 

•f" 

20 

51 

■i 

15-4 a • ^ 

+ + 



fl 

2,3 1 .0 

t07 7 

4 - ^ 

1.') 

■it 
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3) that the reduction in dosage used here has not been sufficieia 
to prevent a greatly increased reaction frequency in the stron"er 
Moloney-positive groups even though only those persons amoim 
the + + 4- reactors were vaccinated who, judged by their a/ 
could be regarded as unprotected or inadequately protected. 

Frequency of reactions in Moloney-iested groups compared mith 
frequency in non-Moloney tested groups. It would })e of great interest 
to compare post-vaccinal reaction frequency as a whole in Moloney 
tested and in non-Moloney tested groups. We have a possibility of 
carrying out such a comparison, using the previously-mentioned re- 
sults from vaccination of a non-Moloney tested group (33). Vnccina- 
lion of the two groups took place within 2 — 3 months and all were 
natives of Copenhagen. The persons in the Moloney tested group for 
the most part*) worked for the same firm — Carlsherg Breweries 
— and were situated in various places in Copenhagen, In the second 
group, 27 % worked at the same place (Copenhagen’s Town Hall), 
while the rest were from the same housing complex and had employ- 
ment either in different parts of the city or in the home. 

As mentioned, AT^ was not measured for all in the Moloney tested 
group, and therefore we cannot directly examine whether there was 
any difference in the stale of immunity of the two groups before im- 
munisation. However, since the epidemiological conditions mu.sl be 
considered as identical for the tw'o groups, there can hardly be reason 
to believe that they differed to any degree in this regard. In .support 
of this, it can be mentioned that the two non-Moloney tested groups, 
which differed with regard to working conditions, showed no dif- 
ference in natural antitoxin titre (33), A slight tendency in the direc- 
tion of more naturaliy-immune in the Moloney tested group is perhaps 
conceivable, since that group contained mostly persons from the alder 
age groups where natural immunity' is most extensive (13 — 33). 

There were an equal number of cases of previous dij)htlicria (O.a 


Table II. 


Incidence of sex and age in non-Moloncy tested and Moloney ieskHlFro^ 


Age 

1 non-Moloney 

tested 

1 

group j 

.Moloney tested group 

1 5 

i ®/o 

! 0* 

1 

o 

®;a ! 

0 ! 


41 

12.0 

44 

12.9 

5 

f.9 

27 

;io— ff) 

25i 

74.5 

235 

68.9 

ICG 

63,1 

gSS 

157 27.5 

50— -71 

40 

13.5 

62 

18.2 

92 ' 

35.0 


m 

50 

3il 

50 

2C3 

,31.5 

572 • 


’) Some of the men wore employed as drivers and n’orkod part of tie 
time outside the firm's premisc-s. 
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and 8.5 %)■ On the other hand, age and sex distribution -were some- 
what different, as can be seen from the following table: 

The youngest age-groups are, as mentioned, sparsely represented 
in the Moloney tested group, while, on the other hand, there are more 
persons in the Moloney tested group than in the non-Moloney tested 
group in the older age-groups. The figures in the lowest line of the 
table show' that there were relatively most women in the non-Moloney 
tested group. Statistical evaluation show’ed that the differences, as 
far as age and sex are concerned, w'ere significant. 

As age has been proved to be relevant to frequency of reactions 
in the non-Moloney tested group (33), and as sex s.eems to he of 
significance to the occurrence of reactions in the Moloney tested group, 
direct comparison is difficult. It might he maintained that the high 
number of reactions in the Moloney tested group is due to the peculiar 
preponderance of wmmen who had strong reactions, but, on the other 
hand, there are relatively fewer women in the Moloney tested group. 
The difference in age distribution must be considered as giving few'er 
possibilities of reactions in the Moloney tested group, since the age- 
group over 50 j'ears, wdiich in the non-Moloney tested group showed 
the fewest reactions, is more numerously represented among the non- 
Moloney tested. 

However, taking all this into consideration, some conclusions can 
he drawn from the following table: — 


Tabic tX 

Frequency of reactions in non-Moloney and Moloney tested groups. 



Number of units I 

in one dose of 1 

prophylactic ! 

Total 

Reaction 




Xo. 

”/o 

Xon-Moloney tested 

12.5—25 Lf. 

314 

47 

15.0 

Non-lMoloney tested 

5 Lf. 

368 

36 

9.8 

Moloney tested 

varying, see plan, 
page 11. 

835*) 

63 

7.5 


*) + + + reactors wdio w'ere not vaccinated because they were naturally 
immune have been included, since w'e considered it more appropriate in this 
comparison to estimate reaction percentages on the basis of all persons dealt 
with in the Moloney investigations. 

There are considerably more type 2 reactions among those in the 
non-Moloney tested group w'ho w'ere vaccinated w’ith 12.5 — 25 Lf. than 
in the Moloney tested group (P <0.1 %), but not in those in the non- 
Moloney tested group w'ho w'ere vaccinated wnth 5 Lf. (P approx. 
20 % ) . The same result is obtained by comparing only the age-groups 
30 — 35 years which contain the same number of men and wmmen and 
which, therefore, are directly comparable. In this age-group, among 
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non-Moloney persons there were 40/217 = 18.4 % type 2 roaclions aflor 
vaccination with 12.5—25 units, and 30/272 = 11.0 % after vaccina 
tion with 5 units, as against 43/554 = 7.8 % in the Moloney tested 
group. 18.4 % and 7.8 % are significantly different, hut not 11 % and 
7.8 % (P 10—20 %). Segregation of naturally-immune + + + reactors 
and use of graduated doses have, therefore, not reduced the poss'iliilitv 
of reaction any more than the use of a dose of 5 units administered 
to all without previous classification. We have demonstrated previous- 
ly (33) that this dose causes just as effective an immunity as 25 units, 
provided that four injections are given instead of three (recall dose 
included) . 


Discussion. 

The Moloney test, the consequent classification into groups to be 
vaccinated with different doses, determination of the state of innminily 
of the strongly' Moloney-positive persons (either by Schick test or 
preferably by AT^ measurement), the increased number of necessary 
injections when using smaller doses, and the final examination to 
ensure that protection has been obtained, are serious burdens in rou- 
tine-vaccination. Such a procedure, therefore, is only advisable if it 
offers real advantages to the methods hitherto employed: the saiiic 
dose, which is known to ensure immunity, for all. 

The advantage of using the Moloney test previous to immunisa- 
tion is closely associated with the question of what should be done 
with the strongly Moloney-positive reactors. 

It has been suggested — and the suggestion carried out — Ibal 
these persons should be omitted from the vaccination (inter al. 6— 
19 — 20), but on account of the considerable number of -f+ and + + y 
Moloney-positive persons who do not contain measurable natural anli- 
toxin titre, we do not consider this advisable. 

Fraser & Moloney et al. (8 — 24) have carried out reaction-free vac- 
cination of small groups of Moloney-positive persons with do.sw 

from 0.01—0.1 ml. O’Brien & Parish (25) have used Toxoid-Antitoxin 
floccules. Hayman (11) suggests 0.1 ml undiluted toxoid for ++ rC' 
actors and a smaller dose or no vaccination at all for -f-l-+ reactors. 
Keller & Harris (16) hax'e immunised Moloney-positive medical stu- 
dents and nurses with diluted vaccine in doses of 0.1 — 0.25 ml (dilu- 
tion grades not menioned) without inconx’enient reactions otber Iban 
moderate rise in temperature and general feeling of malaise. Bunc i 
cl al. (5) vaccinated -b-1- Moloney-positive students with doses from 
0.1 — 1 ml and observed strong reactions to 0.5 ml, whereas -f-f + 
loncv'-positive persons showed strong reaction even to 0.2 ml. Inlr.i 
cutaneous injections of 0.1 ml toxoid in dilution 1:100, which led lo 
Schick-negativity after a certain number of injections, could be gi'cn 
without i)osl-vaccinal reactions. 

In spite of the use of doses of practically the same size as propose* 
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by the Canadians (i. e. from 1/25—1/5 of the usual dose), we have ex- 
perienced a very high percentage of post-vaccinal reactions in -I- + + 
reactors. This discrepancy might he due to differences in the pro- 
phylactics used (the number of units, for instance, has often not been 
mentioned), hut it is more probable that it is due to age differences, 
since the Canadians have mostly vaccinated children and young people. 
Examinations which have included adults (inter al. 16 — 5) seem to 
he more consistent with our experiences. 

It is obvious to us that satisfactory antitoxin production can he 
obtained in ++ and + + + reactors by smaller doses than we have 
used, but the establishment of a dose which, without causing reactions, 
can ensure immunity is still outstanding and needs great and com- 
prehensive study. In the works quoted, immunisation results are con- 
trolled either by the Schick test or by antitoxin titration. Attention is 
drawn to the not absolute reliability of the Schick test as an individual 
test, as well as to the difficulty of carrying out routine antitoxin 
measurement on a large scale. As long as it is necessary to control 
immunity, our opinion is that the advantage of the Moloney test for 
use in routine-vaccination is doubtful, particularly because even an 
absolutely definite negative Moloney reaction does not necessarily ex- 
clude the occurrence of severe reactions (approx. 6 % in the present 
material). 

On the other hand, however, the test is a valuable asset in in- 
dividual cases where it is particularly necessary to try to avoid re- 
actions. 

The ideal immunisation method for use in routine vaccination 
should 1) cause sufficient antitoxin production in all persons so that 
consequent control of the result is unnecessary, 2) be carried out with 
a practicable number of injections, and 3) cause a minimum number 
of severe post-vaccinal reactions. 

It has been generally considered, and has been proved by recent 
investigations by Lawrence & Pappenheimer (17). that bypersensitivity 
to diphtheria vaccine is i)artly caused by the bacteria protein content 
of the vaccine. There is reason to believe that methods, suitable for 
mass-])roduction, for freeing the vaccine of bacteria protein will soon 
be brought to light (2 — 27 — 28). This would probabl 3 ' mean that a 
considerable number of post-vaccinal reactions would disappear. How- 
ever, according to Lawrence & Pappenheimer (17) hypersensitivitj' to 
pure diphtheria antigen occurs in a number of persons, mainly among 
the natural Ij'-immune, but also among Schick-positives. Vaccination 
without reaction seems, therefore, to be utopian. It seems possible, 
however, to bring about further improvement in the antigenic effect 
of the precipitated diphtheria vaccine by quantitative alterations in 
the mineral carrier, so that the doses generally could be reduced with- 
out risk of lessening the effectivity (12—2—3—34). Efforts in these 
directions would seem to us a hettcr way of finding an ideal mass- 
vaccination procedure. 
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Summary. 

Sensitivity towards diphtheria prophylactic has been esaHiined in 
835 acUiUs in the ages 20—74 years by jncans of Moloney test. Ko 
in Moloney-positivity has been observed within these ages, Ind, on Oio 
contrary, a decline in the older age-groups. 

Natural antitoxin occurs more frequently in ++ and + + + rcaclors 
than in non-Moloney tested groups. 

Moloney-positive reactions are more often found among persons 
with history of diphtheria than among those with no previous dia- 
gnosed diphtheria. 

-T- and -i- reactors have been immunised with the full dose (25 
units), -f+ reactors with 1/5 dose (5 units) and + + + reactors who 
contained Ic.ss than 0.01 units of natural antitoxin with 1/25 dose (I 
unit), whereas -f-f + reactors containing more than O.OJ units have 
not been immunised. The course of Immunisation in ++ and -f-fr 
reactors has been coulroUed by antitoxin measurement. Vaccination 
resulted in higher antitoxin production in these groups than in a cor- 
responding non-Moionej' tested group immunised with 5 units. 

Obvious connection, but not complete conformity, has been foimil 
between Moloney reactions and post-vaccinal reactions, approx, ti % 
strong reactions occurring among Moloney-negativcs. 

Increased post- vaccinal reactions have been demonslralecl in -v-r 
and -f + -}- reactors, in spite of reduced doses. 

Age. previous diphtheria and natural immunity do not seem to 
he relevant to the occurrence of post-vaccinal reactions, whereas se% 
appears to he of significance, more reactions having been observed in 
women than in men. Reaction does not occur more frequently after 
the second than after the first injection. Reaction after the first uv 
jection is not tantamount to reaction after the second. 

Post-vaccina! reactions arc less frequent in a group classified by 
and immunised according to ^^o!oney^ reactions, than in a non-Moloney 
tested group immunised with 25 units, but arc equal to the mimhcr 
of reactions in a non-Moloney tested group immunised with ;> anih. 

The advantage of the Moloney lest in routine v.accinalion is (liscas* 
sed on this basis. 
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The studies on the inhibitory action of certain quinoncs with, and 
without vitamin K activity on acid formation in saliva-glucose mix- 
tures, as well as the experimental and clinical investigations on the 
effect of vitamin K in the prevention of dental caries, have been 
recently reviewed by Dam (1948). He has pointed out the contra- 
dictory results obtained and conclusions arrived at in these studies, 
and the need for further experimental investigations on this subject. 

Considering this fact we have carried out some studies on the 
effect of certain quinoncs with, and without vitamin K activity on 
experimental dental caries. We arc here reporting the results of these 
investigations. 


Experimental. 

Ninety-eight Syrian hamsters, between 21 and 24 days of age, from 
litters of a colony maintained on Purina Laboratory Chow^ and raw 
milk, were litter-mate distributed into seven groups of 14 animals 
each (8 males and 6 females). The animals were reared in screen 
bottom cages without bedding for 140 daj's on the following basal 
diet to which was added in each ease the quinone indicated in table 
1: ground yellow corn” 25 %, sucrose 25 %, corn starch 20 %, pow- 
dered whole milk 24 %, ether-extracted yeast 5 %, and salt mixture^ 
1 %. In table 1 can be seen that 6 quinoncs were used, the first 3 with 
and the last 3 without vitamin K activity; all these quinoncs 
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were supplied in equal molecular concenlralions. The groups wero 
given water ad libitum, and were weighed weekly. These e.\periincnls 
were carried out between the months of July and Noveinher. 

On completion of the exjierimental period the ])rothroiuhin limes 
of blood taken from the external jugular vein (two delcrminalions 
for each animal) were determined in all the groups by the lechnique 
of Larsen and Plum (1941). The animals were then sacrificed and 
autopsy was performed on them. After fixation in 10 % formalin 
the jaws were prepared for examination in the usual way (Granados, 
Glavind and Dam, 1948). The carious lesions were recorded and scored 
using the chart described hj' Keyes (1944). 


Jiesiilts. 

The animals from all the groups exhibited the same heallh ap- 
pearance; the growth rate, however, was not the same in all of them. 
Fig. 1 shows that group 1 (control without any quinone), 3 (cal- 
cium-synkavit), and 5 (2,3-dichIoro-l,4-naphthoquinonc) cxhihilcd 
essentially the same growth rate. Group 2 (sodium-synkavit) ex- 
hibited slightly higher growth than groups 1, 3 and 5. 7’hc opposite, 
was true in group 4 (menadione), which showed a slightly lower 
growth, and in groups 6 (hydroquinone) and 7 (benzoquinonc). which 
exhibited growth rates lower than those of the other groups. These 
last quinones, therefore, appeared to he slightly toxic at the levels 
given. 



Fig. I. 

.■\\ crape pi-owtli curves of llic .«even groups. 
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In table 1 the average prothrombin times oC the seven groups 
are given. It is clear that no significant differences occurred among 
any of them. It may be noticed that 2,3-dichIoro-].4-naphthoquinonc^ 

Tabic I. 


Kind of quinono given to and protliroinbin times of each of the seven groups. 


(I roup 
Xo. 

1 

Kind and quantity of qninone added | 

in mg per 100 g of food 1 

1 

Average pro- 
thrombin ti- 
mes in 
seconds 

1 

None 

23.i 

2 

lOi mg tetrasodium salt of 2-metliyl-l,4-n.'ii)Iillio- 
ln’droquinono-dii)lio.sj)lioric acid e.-^ter (.sodium- 



Synkavit) 

23.7 

.‘3 

70 mg dicalcium salt of 2-metliyl-l,.l-naiditholiydi'o- 



qttinone-dipbosphoric acid ester (calcium-Synkn\ it » 

22.0 

•t 

28 mg 2-mctliyl-l,4-naiilitlioquiiione (menadione) 

23.1 

0 

!37 mg 2,.3-dichloro-l,l-naphlhoquinonc 

22.4 

0 

18 mg hydroquinone 

23.0 

7 

IS mg henzoquinone 

22.8 


the high toxicity of which toward yeasts can be reversed com- 
petitively by vitamin K over a limited range of conccntralion (Wool- 
ley, 1945), did not jtroducc hypoitrothrombinemia. On the other hand, 
none of the three quinoncs with vitamin K activity (groiqts 2, 3 and 
4) shortened the prothrombin times. This shows that cither the 25 % 
dietary corn and/or the intestinal flora supplied enough vitamin K to 
keep the prothrombin time of the adult liamslcrs normal so that no 
further decrease could be obtained by adding relatively high sup- 
plements of vitamin K to the diet. 


The autopsy of the \arious groups rc\c;iled no gross changes 
other than those found in the oral cavity. Tabic 2 shows the caries 
activity in the various groups. Beneath the average number of carious 
molars, carious lesions, and caries score arc ])rcscntcd the standard 
deviations of the means of the males, females, and males and females 


together. It is apparent that the caries extent (average caries score) 
was nearly the same in all the groups. On the other hand, as com- 
pared with grou]) 1 (control) the caries incidence (average numher 
of carious lesions) was slightly lower in groups 2 (sodium-Synkavit) 
and 4 (menadione). Groups 3 (calcium-Synkavit) , 5 (2,3-dichloro-l,4- 
naphthoquinonc), 6 (hydroquinone) and 7 (benzoquinone) exhibited 
nearly the same caries incidence as grouj) 1. 

In the present studies the differences in caries incidence between 
the control group and those which received either sodium-Synkavit 
or menadione are of no statistical significance. 





Table 2. 

laries acliviJy in Iho seven groups. 
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Table 2 also shows that, as a general rule, the standard deviations 
are smaller when calculated in a whole experimental group, ir- 
respective of sex, than when calculated in the corresponding sub- 
groups of males and females separately. This suggests that in similar 
experiments on caries in hamsters in which animals of hoth sexes are 
used in each group, com])arison between the various groups should he 
made irrespective of sex. Likewise it shows that in the present studies 
there was no difference between the sexes with rcs])ect to caries sus- 
ceptibility. 


Discussion. 

Hatton et al. (1045) studied the action of several levels of 
menadione and of its bisulfite addition product on experimental 
dental caries in rats, for 3 generations. They found no differences 
in the incidence of caries helween the test and control groups. Like- 
wise, we have found that in hamsters none of the various quinones 
tested decreased caries activity to any significant extent. 

Fosdick (1948) has recently discussed the theoretical and 
practical considerations which led him to suggest the use of meua- 
dione in the prevention of dental caries. He showed (1942) that 2- 
methyl-L4-nai)hthoquinone is able to inhibit acid production in 
glucose-saliva mixtures. Later Armstrong ct al. (1943) demonstrated 
that this effect of menadione is duo to the quinone structure of the 
compound, and showed that the same results could be obtained with 
other quinones possessing little or no vitamin K activity. 

Under the conditions of the.se ox])criments the differences in caries 
activity among the various groui)s were insignificant. Thus none of 
the quinones tested decreased caries activity to any significant extent. 
It might prove worthy to test again the effect on caries of various qui- 
noncs with and without vitamin K activity, and with markedly different 
ability to inhibit acid production in vitro, using larger amounts of 
the compounds than those used in the lucsenl stvulics. Although in 
case of obtaining favorable results the imi)lications of such an ex- 
periment would not favor the use of quinones. due to their toxicity, 
in the prevention of dental caries, a study of this kind could show how 
far the ability of certain quinones to inhibit acid production in vitro 
is ])arallclcd by a corresponding ability to decrease caries incidence. 
This bight help in the understanding of any fundamental relationship 
between acid action and the carious process itself. 


Summary. 

The effect of 3 quinones with (sodium-synkavit, calcium-synkavit, 
and menadione), and 3 withoiit vit.amin K activity (2,3-dichloro-l,4- 
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naphthoquinone, hydroquinone, and henzoquirione) on dental caries 
activity has been studied in liainsters, with a littcr-niale coiilro^ 
group. Under the conditions of the experiments none of the {;roii]is 
whicli received quinones exhibited any significant decrease of caries 
activity as compared with the. control grou]). Some imjdicalions of 
these studies are discussed. 


1. From Ralston Purina Company, St. Louis, Mo., U. S. A. 

2. 100 % of the ground yellow corn passed through a GO-mesh screen. 

.3. The salt mixture used was McCollum’s Salt Mixture No. ISo, supplemented 
with 13.5 mg KI, 130 mg CuSOi, olleO, and d 5G mg MnSOi, -llhO pot 

100 g. 

4. We thank F. Iloffmann-la Roche A: Co., Basle, Switzerland, for the kind 
supply of the sodium-Synkavit, calcium-Synkavit and menadione used 
in these experiments. 

5. We thank Naugatuck Chemical, Division of United States lluldier Com- 
pany, Naugatuck, Conn., U. S, A., for file kind siipitly of die 2,.‘?-(liclilmo- 
1,4-naphlhoquinonc used in these studies. 
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from the war hospital, TAMPERE, FINLAND 
DEPARTMENT OF LUNG LESIONS 
(PREFECT: MED. MAJ. MIKKO PENTTI) 


CERVICAL LYMPH NODE TUBERCULOSIS 
AND THE TONSILS 


Hy Mikho Prntli. 

(lU'coivod foi' piihlicatioii rcbruury lOlli, 1059.) 

The queslioii of the i)alogenesis of tiiherculosis of the cervical 
lymph nodes, especially in relation to tonsillar tuberculosis, has been 
treated by many investigators. It is closely associated with the question 
of primary tonsillar tuberculosis in general, its frequency, and signi- 
ficance as portal of entry for tuberculous infection. There have been 
very differing opinions on the matter, extreme views having been put 
forward, hut so far no agreement has been reached. 

First after Ranke had accurately defined the primary complex, the 
studies have been brought to a solid foundation. Through their careful 
autoptic investigations Ghon and Winternitz showed that it was ])os- 
sihle to establish the primary complex in almost every case, and that 
its site, in by far the greatest number of cases, was in the lungs. Tu- 
berculosis of the tonsils, which was comparatively frequent, was in 
most cases found to he secondary, haematogenous. Some unmistakable 
primary cases of tonsillar tuberculosis were cstahlished as well, hut 
their number was small, 

SchiirmaiuTs and Kleinscliniidrs remarkably thorough investiga- 
tions of the victims of the notorious Liihcck catastrophe give us a 
detailed picture of primary tuberculosis and its pathology. In these 
cases the primary affection was fairly often situated in the pharyngeal 
ring, naturally because of the oral manner of the infection. The in- 
vestigations showed that the primary affection in the tonsil forms an 
ulceration, whieh, however, in about 50 per cent of the cases was in- 
visible to the eye. They found that the ulceration tended to heal fairly 
rapidly, and afterwards the scar was cither seen only with difficulty 
or invisible. It also appeared that certain groui)s of lymph nodules 
corresponded to definite i)arts of the mouth cavity, and that the tu- 
berculous prosess spread quickly from one group of nodules to an- 
other and also to the opjmsitc side of the throat. When the primary 
affection had its site in the tonsil, which occurred quite often, the 

Acta patli. Vol. XXVI. .( .10 
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ujijier dccj) cervical lym])]i nodes were first affected in the tri.qnmiin 
caroticum. In all cases the lymphomas were massive and tended to 
caseatc rapidly and to suppurate. 

It is easy to understand that in the case of cxtraiiulnionary types 
of tuberculosis especial attention has been devoted to the pharyngeal 
ring. Otio studied histologically 45 pairs of tonsils, mainly extirpated 
from children, in cases where tuberculosis had been established clinic- 
ally. He found tonsillar tuberculosis in 74 per cent of the cases, which 
however, was primary in only one case. All the rest he considered 
haematogenous. It should he mentioned that Otlo also examined in 2.1 
cases the bone marrow in the base of the skull histologically, finding 
there tubercles in 16 cases. This obviously speaks strongly in favour 
of a haematogenous aetiology of tonsillar tuberculosis. Schlittlcr also 
examined extirpated tonsils in cases where tuberculosis of the cervical 
Ijnnph nodes reasonable was strongly suspected, and established ton- 
sillar tuberculosis which he considered primary in 48 cases out of 98. 
i. e. about 50 per cent. Yet other investigators do not agree with him 
about the primary origin of the disease hut declare that in his cases it 
more likely was secondary, haematogenous. 

In the Scandinavian countries, in recent years, many investigators 
have declared that primary tonsillar tuberculosis is fairly frc(picnt 
and have emphasized its importance as a gate of infection in the pa- 
thogenesis of extrapulmonary tuberculosis in general, and especially 
in the genesis of cervical lynnph node tuberculosis. Elloncn ]nihlishcd 
in 1943 a study of 47 cases of bone and joint tuberculosis in children. 
In the histological examination of the exstirpated tonsils he demon- 
strated tonsillar tuberculosis in 25 per cent of the cases and set it 
down as primary. It should be noted, however, that in these cases no 
X-ray examination was made of the lungs. Nor did the clinical picture 
show the characteristics of primary tuberculosis, for the gland roin- 
ponent. which unquestionably forms a part of the ])rimary coinjdcx. 
was negligible and was even in some cases missing. The histologic.nl 
picture also differs from the primary tonsillar tuberculosis descrihed 
by Schiirmann and Otto, not to speak of the fact that the primary 
affection may hardly be supposed to remain unchanged in the lonsi 
for years, which would have been the case in these instances. 

Arvid WaUgren declares that in Sweden, where according to some 
investigators, about 20 — 30 per cent of the tuberculous lymph ccrxic.t 
nodes are due to bovine infection, they belong to the primary complex. 
In su])port of his statement he refers to the observation made in Swe- 
den that the symptomatic occurrence of erythema nodosum is often 
encountered in connection with lymph node tuberculosis. It shoti < 
be mentioned that erythema nodosum in connection with Ibis a ec 
tion is unknown in Finland. It is open to question whether this is c m 
to the fact that bovine tuberculosis is ])ractically non-cxislcnt in I ns 
country. 
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Viwri published in 1945 a research on 50 cases of tuberculosis of 
the cervical lymph nodes, in which lonsillectomy was carried out and 
the tonsils were examined histologically. He found tonsillar tubercu- 
losis in 7 cases, in 5 of which it was bilateral. Vnori considers, though 
with some reservations, the tuberculosis as primary, but his opinion 
does not seem sufficiently well-grounded. Many facts speak for secon- 
dary, haematogenous tuberculosis. 

In 1948 Beck Mathiesen published an investigation comprising 122 
cases, mostly children, the extirpated tonsils of whom had been found 
tuberculous. In view of the histological 3 >icture he suiiposes that in 
90 per cent of cases it is a matter of primary tonsillar tuberculosis. 
The motivation of bis conception is, however, so slightly assuring that 
even his conclusions are subject to great doubt. 

In Finland many observations seem to indicate that cervical lymph 
node tuberculosis has become more and more rare, and it seems that 
its incidence has decreased more rapidly than that of tuberculosis in 
general. It has not yet been discovered to what this phenomenon is 
due, but it seems fairly sure that the improvement of general hygiene 
has some share in it. One cannot, therefore, help being struck by the 
marked frequency of cervical lymph node tuberculosis during the re- 
cent 1941 — 44 war in this country. In the autumn of 1942 an ever 
increasing number of these cases turned uj) at the military hospital 
where I was working. This fact gave me the op]mrtunily to use the 
material for detailed research in order to throw additional light on 
the question of the pathogenesis of tuberculosis of the cervical lymph 
nodes, especially in its relation to the tonsils, I made a histological 
and bacteriological study of 30 pairs of tonsils extirpated from sol- 
diers in cases where cervical lymph node tuberculosis had been estab- 
lished clinicallJ^ Serial sectioning was made of one half of each tonsil, 
and they were examined l)y microscope, the other half I examined for 
the presence of tubercle bacilli by grinding it and treating the mass 
with sulphuric acid, after which it was neutralized, and about 1 ml. of 
the emulsion was injected intrai)eritoncally into guinea-pigs, which 
were dissected after 6 weeks. The clinical study of the cases was made 
as thorough as possible, tuberculin tests were made and the lungs 
were examined by means of roentgenograms with the exception of 
two cases where only X-ray screening was carried out. All the exa- 
mined patients were tuberculin-positive. 

The age of the patients varied between 19 and 33 years. Tubercu- 
losis occurred in the family history of 16, i. c., in about 50 per cent 
of the cases. 9 of the patients had previously had tuberculosis, 8 of 
them lymph node tuberculosis and 1 tuberculosis of the joints. X-ray 
of the lungs showed definite evidence of tuberculosis in 24 cases. In 
most of these cases calcification was noted, remnants of pleurisy or 
cicatricial changes of the parenchyma in some cases. There were no 
findings pointing to active pulmonary tuberculosis. The lung findings 

*fo* 
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^Ye^e thus i)ositive in 80 ])er cent of the cases. It should he noted, how- 
ever, that a negative lung finding docs not exclude the possihilily of 
tuherculo.sis, since, as we well know, a i)rimary affection in the hinev 
that has been cured, in many cases cannot he established rocntt^cno- 
logically. 

Tonsillar tuberculosis was disclosed in one case only. 


Tlic patient was a 20-year-olcl soldier whose family history was ncenti;.' 
as to tuberculosis. He was in the hospital from 10/7 to 18^2/52 with ihi- 
diagnosis: tuberculosis of cervical lymph nodes and tonsils. Karlicr his p'- 
neral health had been good. He was summoned for military service on 
20/9/41. In the early spring of 1942 ho complained of tiredness. In June tie- 
lymph nodes in the neck began to swell. On admission to the liosiiital hi' 
general condition was good, S. R. 19, Pirquet +. On the right side of tlie neck 
lie had a chain of lymph nodes of the size of the tip of a finger and smaller, 
on the left, nodes of bean-siz.e. X-ray film of the lungs; In tlie left apex ami 
in tlie II i. c. patches of shadow, 2 cm. in diameter. Tlie patient was kImii 
X- ray treatment on the lymph nodes. During the treatment he developc.t 
suppurating otitis, which, however, healed without complications. On 2>’*- 
hilatoral tonsillectomy was performed. The tonsils were of the size of an 
almond, and adhered to their base. The lymph nodes dimini.shed gradiially 
and the patient was discharged from the hospital on 18/12. 

Serial sections were made of a part of the tonsils; another iiari wa-; 
treated in the xvay described above and inoculated into a guinen-pig. which 
xx'as killed after G week.s. On autopsy, ma.sscs of tubercles were discovered in 
the abdominal organs and lungs of the guinea pig. It was not po.ssihle in 
determine the typo of the bacilli. Tubercles were found in both tonsils on 
the histological examination. Profe.ssor of pathology Arno Snxcii, gave the 


following description of the histological finding: 

»Therc is an extensive tuberculous i>roce.ss in both tonsils, consistint: n( 
solitary and conglomerate tubercles. In the tubercles there are mainly epi- 


thelioid cells, but also Langhans giant-cells. There is only sparse nocro'i- 
in the centre of tubercles, mainly in the form of fibrinoid necrosis, fii" 
tubercles are scattered throughout the lymphatic tissue of the tonsil, hat 
they appear in abundance even deep into the peritonsillar connective ticsie-. 
Some of the tubercles are immediately beneath the surface epithelium, v.hich 
has desquamates in many jdaces and is sometimes missing enlirel.v. m 
which case the surface is covei’ed by a necrotic layer infiltrated with grannln- 
cytes. There is no inci-ease in the fibrillary connective tissue round the tnl'-r- 


culous infiltrates, nor elsewhere in the tonsil.« 


The histological findings correspond with the description given In 
many investigators (e. g., Olio) of haeinatogenous tonsillar tulmrcii- 
losis. On the other hand, it differs from the picture given i)y Scliiir- 
tnnnn of the jirimary tuberculosis in the Liihcck cases, whicit siunver 
a marked ulcerous formation in the tonsils. In other respects, loo. m.' 
case jirescnts the characlcristic.s peculiar to j)rimnry tonsillar tuber- 
culosis, firstly because the cervical lymph nodes were rather sin.i . 
no bigger than the lip of a finger, while in jirirnary complexc.s they 
are massive, cascaling and .sui)purating early, also, secondly, hcc:nise 
changes wore noted in one lung which were clearly pointing to tuber- 
culosis. 
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I think there is no doubt that we have to do with simultaneously 
haematogenous tuberculosis in the tonsils and the cervical lymph no- 
des. A coincidence of this kind is by no means rare, as many earlier 
investigations have shown. Some authors, e. g., Bandelier and Zollner 
suppose this coincidence to he due to the fact that because of the very 
common occurrence of ordinary infections in the tonsils and their 
lymph system a so-called locus minoris resistentiae is formed in this 
system, preparing ground for a tuberculosis infection. The striking 
frequency of cervical lymph node tuberculosis in Finland among sol- 
diers during the war seems to indicate that the exceptional conditions 
at the front with overcrowded and primitive accomodation, with ne- 
cessarily unsatisfactory hygiene and conditions favouring the spread 
of ordinary infections, constituted the essential cause. The problem 
of the pathogenesis of lymph node tuberculosis is, however, not de- 
finitely solved in this way, as there are evidently other contributory 
factors. It still remains to be shown what part, for example, the con- 
stitutional factors plaj'. 

Though my material is small, I feel justified in drawing certain 
conclusions. The fact that out of 30 cases of cervical lymph node tu- 
berculosis tonsillar tuberculosis was established only in one case, 
where it evidentlj' was not primary, and that in 80 per cent of the 
cases there were changes in the lungs which were obviously tuber- 
culous, speaks for the supposition that cervical lymph node tuber- 
culosis in by far the most cases is secondary, haematogenous, at least 
in a country where bovine infections is very rare. Where bovine in- 
fection is common it may be otherwise. In investigations from which 
the opposite conclusions are drawn and tonsillar tuberculosis has been 
considered primarj', whether it is a question of cervical lymph node 
tuberculosis or other extrapulmonary tuberculosis, tbe authors have 
not always been critical enough in their observations of the charac- 
teristics peculiar to a primary complex. Not all the investigators 
seem to have paid sufficient attention to the fact that before we may 
speak of a primary affection situated anywhere outside the lungs, 
we must exclude with the greatest possible certainty tbe existence of 
any tuberculous changes in the lungs. 
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Siimmanj. 

The writer has examined histologically and hacteriologically Itn- 
extirpated tonsils of 30 soldiers who clinically had been foinul suffir- 
ing from cervical lymjjh node tuberculosis. Only in one case was (he 
tonsillar tuberculosis established, which in all probability was secon- 
dary, hacmatogenous. The writer draws the conclusion that Ibe cer- 
vical lymph node tuberculosis, in adults at least, is most frequently 
secondary, hacmatogenous, and that primary tonsillar tuberculosis 
a])jrears rather rarely — quite in contrast to what many invcsligators 
in the Scandinavian countries have been inclined to assume. 
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age in the non-Moloney tested material was only demonstrable in the 
grou])S with AT^, over 0.01 and, as mentioned, these very groups are 
likely to he weakly represented among Moloney-negalives. In the -f + 
and + + + groups, the frequency of reactions varies in the different 
JiSIc-groups. Thus there is nothing here cither to indicate that older 
people who have shown hyi)crscnsitivity to diphtheria prophylactic 
have less chance of reacting than younger persons. 

Reactions and Sex. In nearly all the groups, there is a greater fre- 
quency of reactions in women than in men. This observation has been 
more closely examined on the basis of Table 10, where the classifica- 
tions which have proved unnecessary arc omitted. 

In these large groups, the biggest reaction frequency is again seen 
among women, hut not the same persons reacted. The differences are 
significant (P less than 5 % for two of the groups). We have not 
jircviously found any difference in reaction frequency between the 
sexes (33), nor have we seen reference made to it in the literature. 
We cannot give any adequate explanation of this peculiarity: there 
might he certain connection with the fact already mentioned, that 
women seem to preserve hypersensitivity to diphtheria antigen as 
expressed by Moloney reaction longer than men. 

Final conuncnls on incidence of reactions in the different Moloney 
ff roups. After having seen that, in this material, sex is relevant for 
post-vaccinal reactions, the frequency of reactions in the different 
Moloney groui)s is examined, taking this factor into consideration. 
Table 10 shows that increase in frequency of reaction with advance 
in Moloney-i)osilivily can he seen in both sexes. The difference be- 
tween the -r- and the ++ and + + -f groups is highly significant 
(P ^ 1 "/(»)) hut not between the -4- and the -1- groups. 

Reactions after further injections. In the preceding, we have dealt 
only with reactions after the first injection. With regard to reactions 
after further injections, we shall only make brief mention of the re- 
lation between reactions after the first and second injections. 18 wo- 
men had type 2 reaction after the first injection hut no reaction after 
the second, while only on one occasion was type 2 reaction seen after 
the second injection where there had been no reaction after the first 
injection. 

As far as men are concerned, reactions occurred equally frequently 
after the first and second injections, but not the same persons reacted. 
Reactions after the second injection wore not found more frequently 
among women than among men. On the whole, it is our impression 
that the first injection of prophylactic did not induce hypersensitivity 
hut rather seemed to cause a certain desensitisation. 

Briefly, the investigation has shown ; — 

1 ) that severe reactions could not be avoided in the Moloney- 
negative group, 

2) that even a weak skin reaction means increased possibility of 
post-vaccinal reaction.. 
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pressure in the tissue may be assumed to differ from the tension in tlic ro-t 
of the parenchyma. Teir (1948) states, however, that he has not been able to 
alter the nuclear class formation in the external orbital gland of the rat bv 
extirpation of the capsule of the gland, nor by attempts to produce slirinkini; 
scar tissue by cauterization or extirpation of parenchyma, nor by trying (o 
produce local changes in the pressure by sealing the gland with paraffin 
On the other hand, in extensive experiments with X-ray treatment of the 
gland he succeeded in disturbing the normal nuclear class formation. 

Another hypothesis has been advanced by Jacob] who thinks that the 
localization of the different nuclear sizes depends on the different functional 
states of the parenchymal sections, especially in the liver lobules within 
their radiate structure. For the large-nuclear cells are found to be most 
numerous in the intermediate zone of the lobules, where the metabolism is 
assumed to be most lively. In the pancreas of the rat Jacob] (1925) found the 
higher nuclear classes at the larger blood vessels. Correspondingly, Birbcn- 
viaicr (1934) found large-nuclear cells in highly vascularized parts of the 
liver in the blackbird (turdus merula) and in the more richly vascularized 
hilus region of the lachrymal gland in mouse. From these observations Jacobj 
(1942) finds it reasonable to conclude that the nuclear class fomation de- 
pends also on the local vascular supply. This view may be harmonized with 
a third hypothesis about the eliciting factors in the nuclear class formation 
advanced by Teir: »Es ist aber moglich und sogar wahrscheinlich, wie dies 
auch aus vielen Experimenten hervorgeht, dass auch viele chemische Stoffc 
solches Verdoppelungswachstum hervorrufen konnen (siehe z. B, Longer 
1942). Wenn dasselbe unter normaler Entvvickiung statffinden wOrde, kdnnto 
man von Hormoneh sprechen«. 

The last-mentioned hypothesis may be investigated in the fol- 
lowing experimental studies. These experiments were carried out in 
order to see whether the nuclear class formation in the liver is in- 
fluenced by decreased secretion of anterior pituitary growth hormone, 
and whether the supply of purified growth hormone to individuals 
with lowered secretion of pituitary growth hormone may have in- 
fluence upon the nuclear class formation. 


Material and Technique. 

The experimental animals here employed belong to a mouse stiain (B) 
with recessive anterior pituitary hypoplasia, thoroughly described by Fnmri 
(1944). Under e.xpediept breeding this strain juelds litters comprising 
mice as well as mice with anterior pituitaiy hypoplasia. The latter co n 
attain spontaneously a body weight over 5 to 8 g-, presenting thus ic' 
ditary pituitary dwarfism. Of this strain, litters have been picked ou 
an age difference of I/2 — 2 weeks, frorh birth to the age of 28 weeks, ro 
each litter, normal mice were picked out fdr controls together with 2 pi “' “ • 
dwarf mice, one of which was treated from the age of 4 weeks with a sa 
dardized preparation of anterior pituitary growth hormone*) in dail> c o- » 
of 0.1 — 0.3 ml. on 6 days of the week. This dosage gives a distinct mete.-- 
in growth (Fonss-Bcch, 1947). 

*) Tile pituitar.v gi’owth hormone (growth promoting pituitary 
phyol, was obligingly placed at my disposal by .Mfred Benzon, Ltd., Lope 
hagen. 
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In order to avoid variation of factors that may have influence on the size 
of tlie nuclei, all the mice were raised in the same quarters, at a constant 
diet, and decapitated at the same time of the day. For determination of flie 
size of the nuclei the specimens (liver) were fixed in 10 % formalin solution 
and embedded in paraffin. The blocks were cut in sections of 8 p, which were 
stained with hematoxylin and eosin. The preparation of the specimens was 
kept constant throughout. 

The size of the nuclei was determined by ocular micrometry: Zeiss’ apo- 
chromatic 120 (numerical aperture 1.30), Zeiss’ binocular tube 2, Zeiss’ mea- 
suring ocular 7. 

In order to obtain a representative selection of monocular and binuclear 
cells for nuclear measurement, only those cells wei’e measured whose center 
fell inside the area of the ocular measure when the microscopic stage was 
moved from side to side. Thus, after the cells in a 6 p wide band of the 
section had been measured the stage was moved 100 p forwards, and the 
cells in a new band of section were measured, until 250 — 500 cells were mea- 
sured, the number of measured cells being increaseij when the dispersion of 
the values for the nuclear size seemed large. The nuclear size is determined 
after the same principle as employed in similar previous investigations 
{Jacob], Teir), the largest nuclear diameter and the smallest diameter per- 
pendicular on the larger one being measured, corresponding to the largest 
optical nuclear section with the measuring unit of 0.5 measuring inteiwal 
(1 M. I. = 0.916 p). The average of two measurements of the same nucleus is 
recorded as signifying the linear extension of the nucleus. The frequency dis- 
tributions of nuclear diameters — for mononuclear and binuclear cells, re- 
spectively — are plotted in double logarithmic coordinate systems with the 
nuclear diameter groups in M. I. logarithmically along the axis of abscissas, 
and the observed number of cells with the respective nuclear diameter is 
plotted logarithmically along the ordinate. Biological arguments for a loga- 
rithmic presentation of nuclear diametei’s are advanced by Hintzsche (1946), 
and it seems to facilitate the statistical treatment of th^e nuclear diameters, 
as these may be looked upon as showing a logarithmically normal distribu- 
tion. Also logarithmical plotting of the number of cells observed facilitates 
a statistical analysis of the nuclear classes, which, if distributed normally, 
appears as parabolas. 

Besides, the observations are recorded in Tables 1 — 2 where the number 
of cells with the given nuclear diameter is entered in rows for each specimen. 
Whenever there is a parallel shift of the row, it indicates the division of the 
observations into nuclear classes. In the overlapping fields of the rows the 
sum of the two figures gives the number of cells observed. 


Results. 

The nuclear class formation in the livers of 27 normal controls 
shows no particular deviations from previous investigations. For mo- 
nonuclear cells (Table 1) the distribution of nuclear diameters is lo- 
garithmically normal at birth. Mice of 3 weeks show a distribution 
composed of two separate distributions (nuclear classes): and K,. 

Mice from 0 — 2 weeks old show skew distribution that may he looked 
upon as composed of two distributions, of which the one with the 
high diameter values (K,) is represented by few observations. From 
the age of 9 weeks the mice show a distribution composed of three 
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Table I. 

Mononuclear liver cells (normal mice). 
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nuclear classes (K^, K, and K^) and the suggestion of a fourth one 
(Kj) as sho-wn in Fig. 1. In mice behveen 4 and S \Yeeks old the nu- 
clear class with the highest values for the diameter (K,) shows vary- 



ing degrees of skewness due to a third component (K^). which i. 
presented only hy a few observations. i • o ^ 

In the liver of normal mice binuclear cells are far from 
frequent as mononuclear cells (16 mice, 8 weeks old or 
in the uncorrected material 16.2 ± 0.8 T. polynuclear cells), ihc i- 
nuclear cells are encountered from the age of 2 weeks ^ 

gestive of a distribution, 2Kj, from the age of 3 to 4 weeks, to 
age of 4 to 5 weeks we meet with a bimodal distribution, 
prising two nuclear classes. 2Kj and 2K„: and from Uie nin 
it is made up of three nuclear classes: 2Kj. 21v; and - 

In 27 pituitary dwarf mice the liver shows for mononuc c, 

— in all the specimens — either one apparently logaril mica 
mal nuclear diameter distribution, Kj, or a skew distribu ion > 
he interpreted as composed of two nuclear classes, o w ic i 
with tlie high diameter values. K-, is represented onlj ^ 

vations (Table 2 and Fig. 2). This picture appears not to e ep 
upon the age within the period here investigated, from ur 
weeks. Binuclear cells appear also in pituitary dwarf mice r ^ 
age of 2 weeks, with a suggestion of distribution from t ® 
weeks. Only in 3 cases is the presence of a higher nuclear c a. . . 
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suggested — represented by very few cells. In 18 dwarf mice of .S 
weeks and older the binuclear cells make 7.1 + 0.9 % of all the cells 
measured. 



The liver of 20 pituitary dwarf mice who were trca ed 1 
tuitary growth hormone shows that after treatment with 
for y:-l week the nuclear diameter distributions do not d ffer 
those“ observed in untreated pituitary dwarfs After 2 -ecKs 
ment, the mononuclear cells show a , ^ 

composed of two nuclear classes, Kj and K,. Af er a > 
treatment, a multimodal distribution is seen, made up , 
distributions - K„ K, and K, - and after about / '''f Fk' 3). 
there is also a suggestion of a fourth nuclear class, * - 

As mentioned, untreated dwarf mice show a ‘ 

binuclear cells. After 2 weeks’ treatment ^^it gro^^ i 
ever, we met with a bimodal distribution composcc 
clear classes, 2K„ and 2K,. After 8—9 weeks’ treatment a n ^ 
distribution appears, composed of three single (is riiu .a^inim- 
2K„ and 2K, — in a few cases with a suggestion of a fou ^ 
tion. 2K,. The extreme parts of the compound distribulio 
varying degrees of skewness due to components represen 
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observations. In 16 dwarf mice treated with growth hormone, aged 8 
weeks or more, the hinuclcar cells make 1-1.2 + 0.9 % of all the cells 
measured. 



Fin. -J- 

.\uclcar diameters of dwarf mouse Ire.'ited witli pituitarv growth hormone 

(1570). 


Discussion. 

All the examined s]iecimcns with pronounced nuclear class for- 
mation were essentially in harmony with the rule laid down hy 
.fncobj. According to this rule, the ratio of the mean volumes is 

1:2:4:8 and consequently the logarithms of the mean diameter 

of the classes should he situated at a mutual distance of Vn log 2 or 
0.10034. In Table 1, for arithmetical reasons, the logarithms of the 
nuclear diameters arc multij)licd hy 1000 (y) so that the maxima of 
the nuclear classes then would he .situated at a mutual distance of 
100.34. Table 1 shows that this approximately is the case. 

In the present studies, individuals with lowered secretion of pi- 
tuitary growth hormone show an abolished or greatly reduced for- 
mation of nuclear class series for mononuclear as well as hinuclear 
cells in liver tissue, which normally develops several distinct nuclear 
classes. Also the formation of polynuclear (hinuclear) cells is signif- 
icantly decreased in pituitary dwarf mice, as in these animals only 
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/.I ± 0.9 % of the liver cells are binuclear, whereas in normal control 
16.2 + 0.8 % of the liver cells are polynuclear. These figures arc ob- 
tained from untreated material. On employment of Pfiihl's correction 
for determination of the real number of binuclear cells with allowance 
for the thickness of the section, etc., this difference will become even 
more pronounced. 

On treatment of pituitary dwarf mice with growth hormone more 
nuclear classes will develop until the conditions no longer differ from 
the normal. Correspondingly, the number of binuclear cells increases 
to 14.2 ± 0.9 %, which does not deviate demonstrably from the nor- 
mal. While it appears as if no previous investigations have lieen car- 
ried out on the nuclear size and nuclear class formation in individuals 
with decreased secretion of anterior pituitary growth liormonc, Lee 
(1938) and Lee & Freeman (1940) have examined the liver cells in 
normal rats treated with jutuitary growth hormone. But their investi- 
gations do not touch on the nuclear class formation. These authors 
mention that the effect of growth hormone extracts on rat livers is by 
way of cellular multiplication showing an increase in the mean dia- 
meter of the nuclei from 7.12 ± 0.06 for the controls to 7.50 ± 0.01 n 
for treated rats with free access to food. The findings reported by Lee 
touch on the problems in the present work only insofar as the increase 
in the nuclear class formation under the growth of the mouse liver 
naturally implies an increase in the mean diameter of the liver cells 
as described 1)5' Lee — that is, if the corresponding conditions in 
mouse and rat be comparable. 

What significance ma 5 ' then l)e assigned to the pituitary growth 
hormone with regard to the nuclear class formation? 

From the findings here rei)orted the growth hormone aj)pears to 
be a factor necessar 5 ’ to the formation of more nuclear classes, for 
these develop l)ut defectively' when the secretion of growth hormone 
is decreased, and when growth hormone is supplied to the animal, 
series of nuclear classes reappear. The cellular point of action for 
the growth liormone being unknown, liowcver, it is not practicable 
from the present studies to decide whether the growth hormone as 
an eliciting factor stimulates the individual cells to growth, or ^^hclh- 
er it intervenes in metabolic processes of the cells (c. g., the protein 
metabolism) as an essential link in the building up of the cells. 

From Tables 1 and 2 it will be noticed that the first nuclear class 
(K,) in the liver cells of pituitary dwarf mice on an average shows 
lower values for the nuclear diameter than does Kj in normal mice. 
In the graphs this observation corresponds to a shift to the left m 
the nuclear diameter distributions. Shifts in the location of the mi 
clear classes have been observed jircviously' under different circum- 
stances. Thus, Caspersson & Holmgren (1934) found that in nucc 
the nuclei of the liver cells increased in size at a maximal glycUn^n 
content of the liver, and decreased at a minimal glycogen content, am 
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Benecke (1937) has reported similar findings in rabbits. In pituitary 
dwarf mice, however, the glycogen content of the liver cells is more 
abundant than in normal mice [MoUenhach, 1941), on which account 
the shifting to the left of the nuclear classes hardly may he explained 
as connected with the glycogen content of the liver cells. Wcrmcl & 
Ssinewa (1934) think they have been able to show that nitrogen de- 
ficiency brings about a shift to the left in the location of the nuclear 
classes in the rat liver, whereas, conversely, a high jirotein diet 
{Schroter, 1937) is said to shift the nuclear classes to the right. These 
experiments are too few, however, to allow us to exjilain the demon- 
strated shift to the left of the nuclear classes in pituitary dwarf mice 
as signifying a disturbance of the protein metabolism of the liver cells, 
but they still suggest some guiding lines for further studies on the 
cytological effects of the anterior pituitary growth hormone. 


Snmmarij. 

Ill 27 normal mice, 27 ])ituitary dwarf mice and 20 dwarf mice 
treated with pituitary growth hormone it is shown that the formation 
of nuclear class series and ]ioiynucIear cells in the liver ceases or is 
reduced markedly by a decrease in the secretion of anterior jiituitary 
growth hormone. 

Supplj' of inirificd growth hormone to individuals with decreased 
growth hormone secretion induces devclo^nnent of nuclear class scries 
and polynuclear cells until these features no longer differ from the 
normal. 
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FUOM THE ANATOMICAL INSTITUTE OF THE VNlVEFSlTY 
HELSINGFOBS. (CHIEF: PIIOFESSOH NIILO PESONEN). 


ON THE SIZES OF THE NUCLEI IN THE GLANDULA 
INFRAORBITALIS OF THE WHITE RAT 

By H. Tar. 

(Bccoivcd for publication February iStl), 19t9.) 

Glandula infraorbitalis is a lacrimal gland lying in the outer angle 
of the orbit in a number of rodents. This gland and the glandula or- 
bitalis externa which is situated in front of the external acou.slic duct 
and the parotid gland, have a joint duct emptying into the conjunc- 
tival sac. Animals in whom these glands occur lack the lacrimal gland 
which is otherwise typical of the mammals. 

This gland in the rat was first described by Loewenihal (1895) as 
a yellowish brown organ resembling a stomach laterally compressed, 
and situated partly behind and partly above the zygomatic arch. 11 is 
separated from the skin and the subcutis by a firm fibrous membrane 
running from the fascia temporalis and the uj^per edge of the zygo- 
matic arch. 

During my investigations of nuclear class and cell division con- 
ditions in the outer orbital gland in the white rat (Teir, 194-1), I no- 
ticed that intentionally or unintentionally this gland had been to a 
fairly large extent subject to the interest of investigators, whereas 
the glandula infraorbitalis since the lime of Locioenlhal had har(Il% 
been investigated at all. As various kinds of gland cells, exhibiting 
great variations in the size of the cells and the nuclei, Avere further 
found in the organ, I considered that an investigation in the status 
of variation of the size of the nuclei might be of interest. 

I wish to e.xpress my gratitude to Professor Osmo Jarvi (Ibc l iO' 
nish University at Abo) under the guidance of whom I carried out 
the mentioned work on the outer orbital gland, for the advice he g;uc 
me while I completed also the present work. 
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Table I. 

Variations in the nuclear sizes in three adult rats. 
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Material and methods of investigation. 

A total of 31 white rats were examined the majority of which were 
„,cd tor invcsligalions of the so-caUed Harder’, colls, svh.lc hree .-m,- 
Ss only ovcrc used for delermining nuclear classes m Ihc us^ual 
-landular portions. All three were adult animals, one was 4 
one 5 (rat 44) and one 16 (rat 86) months old. hurthcr details of 
these experimental animals arc given in table 1, p. 28 of the aho\c 
mentioned work. The methods of investigation in determining the 
nuclear classes arc the same as in that work. 


Nuclear sizes of the gland cells. 

Glandular tissue which to its structure completely corresponds to 
the tissue in the outer orbital gland, is found in the inner orbital 
gland. Loewenthal considers these glands to be different ]iarts of one 
and the same gland. With regard to the more delicate histological 
structure of the inner orbital gland I therefore heg to refer to earlier 
investigations {Loewenthal 1895, 1900, 1926/27), Guicgsse-Pellcsier 
1923, Jarvi 1938). 

Already a superficial examination of the nuclear sizes of the cells 
in the gianduia infraorbitalis of the rat shows that these sizes vary to 
a very large extent. The cells arc distinctly defined. The nuclear mem- 
brane appears clearly in the preparations fixed in Bonin’s fluid and 
stained in Heidenhain’s hematoxylin. 

The result of the measuring of the nuclei appears from tabic 1. 
Here as in the outer orbital gland of the rat we find distinct frequency 
maxima for the nuclear A oluines.^) 

The smallest nuclear class has an average diameter (D,) of 6,16 
corresponding to an average of 234 As this value was obtained 
through determining the diameter of rather a small number of nuclei, 
and being, on the other hand, the base for delermining the theoretical 
values for the volumes of the other nuclear classes, I considered a 
more thorough calculation of this average value necessary, although 
the obtained values for the three animals were rather close to each- 
other. For this purpose a special determination of the size of the 
smallest nuclei was made, about 100 nuclei being drawn separately 
for each animal (table 2). Since the average diameter (6,12 p) thus 
obtained differed from the first mentioned value by 0,04 only, it 
should be considered reliable. 


description of tlie nrmngomenf of the tables of variance 

the it Si ”wclcar sizes in the outer orbital gland of 

the 1 at (Ten, 1944, p. 42). The diameter values for cells with two nuclei are 
heoietical, and have been included in order to facilitate a comparison with 
(he mononuclear cells. They are the third root of the value ridid iria 
ac dition of the values of the two nuclear volumes in a cell with two nuclef. 
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The second nuclear class is here, as in the glanclula exlraorl)il;i]is. 
the regular class of the organ, being formed both of mononuclear cells 
and cells with two nuclei (K; and 2Kj). 

The third nuclear cases is clearly rei)rescntcd in all animals and 
is also characterized by verj' evident frequency maxima. 


TrtWe 2. 

Results of special measurements of the smallest cell nuclear in tliree 

adult rats. 
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The fovirlh class is represented by a smaller mimbev of cells. Cells 
Nvith two nuclei form frequency maxima in all animals. The two 
younger rats show weak maxima for the mononuclear cells while these 
cells do not form any evident maxima in the older rat, as wa.s also 
the case with regard to two age groups in glandula orbifalis exlcrna 


{Teir 1944. p. 68 and 80). 

\Vc have thus established that four distinct nuclear classes, com- 
posed both of mononuclear cells and cells with two nuclei, can he 
found in the inner orhital gland of the rat. Already in his first de- 
scription of this gland, Loewcnilial (1895, p. 126) says tliat nticlet 
measuring 8—10 u, 11.5— 17 u, 16—23,5 ji and 23,5—26,4 u in diameter 
occur in the gland, thus actually stating that four nuclear classes 
occur in this gland. Besides the four nuclear classes wc shall find m 
table 1 also a minor number of larger nuclei forming indislincl fre 
qucncy maxima. Because of the small number of these cells I con 
sidered special measuring of the largest nuclei in the ]rrc]mvations 
necessary in order to find out whether these large cells also helongc( 
to certain nuclear classes. 

For this purpose I examined three ai)proximalcly cqualh large 
sections of each animal, drawing the contours of the largest mono 
nuclear cells and cells with two nuclei occurring in the jereparation. 
This invcsligalion was much hampered by the fact that the large 
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nuclei arc frequently irregular in form and consequently not suitable 
for determining the volume. The values obtained are thus not quite 
as reliable as in the former dclerminalion of the volumes, and I ha^e 
therefore entered the frequency values for the diameters in a lahlc o 
variance (table 3) with a difference of 0.5 u between the variants 1 
have included in the table the values from 14 }i and upwards. I ins 
table does not show as distinct frequency maxima as in the former 

measurings. _ 

However, we find in the 4 months old rat distinctly two liighcr 

nuclear classes besides the four classes so far found in the oigan. Both 
the fifth and the sixth class are represented by mononuclear cells and 


by cells with two nuclei the average volume value of wbicb comes 
close to the theoretical values for these classes. 

In the 5 months old rat only the cells with two nuclei form fairly 
distinct tops while the tops are very indistinct in the mononuclear K,,, 
and non-existent in the K,„. 

In the 16 months old rat large cells arc not found to the same 
extent as in the two younger experimental animals. However, a fre- 
quency maximum for the cells with two nuclei belonging to the fifth 
nuclear class, also occurs here while the mononuclear cells for/ii no 
maxima. 

In the summary of the diameter values for the nuclei in the last 
column of the talilc, we find distinct lops for the cells wilb two nuclei 
while the mononuclear cells do not form quite as distinct maxima, 
j)robably because of the great variations in the form of these cells. 

From the special measurement of the nuclei of the large cells ap- 
pears. however, that these form nuclear classes in the same way as 
the smaller cell nuclei. 


It can he seen from table I that the obtained average volume values 
for the different nuclear cla.sses corrcsimnd well with the values re- 
ceived through multi])lication of the lowest value with 2, 4. 8 and 16. 
In order further to elucidate this circumstanee we shall determine the 
relation between the averages given in tlie last column of table 1 
using, however, for the fifth and the sixth nuclear classes the averages 
obtained by special measurement of the largest cell nuclei. 

For the mononuclear cells we obtain in this wav the following 
scries; 


K,:K,;K,:K,:K,,:K,„ = 
1 : 1 .95) : 


234 : 467 ; 933 ; 1966 : 4096 : 6904 = 
3.98 : 8.36 : 17.08 : 29.49. 


and for cells with two nuclei this series; 


2K,;2Iv.;2K,:2K,:2K.,, = 460 : 921 : 

1.92 ; 3.94 : 8.34 : 16.20 


1953 : 4291 ; 6591 - 
; 28.16. 


We find that the relation of the volumes both of 
and cells with two nuclei in the different nuclear 
bihty of errors in the measurement taken into 


mononuclear cells 
cla.sses, the possi- 
considcralion. is 



Table :i. 

Resells of .spcciul ineasuronienls of the largest cell nuclei in three adult rats. 
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1;2:4;8;16;32 which proves 


that they follow Jacob j-Heidenhain's rule 


lomprfng ll.e measureinenls ot the nuclei of the inner orbital 
eland of the rat with those performed by me of the outer orbital glan 
of the same animal, might be of interest since these organs are so 
closely related, the former having arisen through a protrusion of 
chordlike lumenless hud of the latter, {Loewenthal 1912, Teir 1944, 


picture 8, p. 181). i j- 

If in this comparison, Ave pay attention first to the nuclear dia- 
meters of the tAvo glands we shall find that these coincide to a high 
degree Avhich appears most clearly in comparing the values given in 
table 1 to the corresponding figures for the glandula orbitalis externa 
(Teir 1944, table 21, p. 97). 

As regards the nuclear classes, on the other hand, ive find four di- 
stinct classes in both glands in adult animals. There are, hoAvever, a 
greater number of large cells and nuclei in the glandula infraorbitalis 
than in the glandula extraorbitalis Avhich already appears from table 
1, but still better by a comparison of the special measurements of cells 
Avith large nuclei in the tAA'o organs (table 3 in this AA'ork and table 20, 
p. 93 in the paper on the extraorbital gland). The fifth nuclear class 
appears vaguelj' alreadj' in the ordinary determination of the nuclear 
classes, and is quite marked in the special determination, Avhereas this 
nuclear class in the outer orbital gland can be found onlj' by special 
measuring. The sixth nuclear class is not represented at all in the 
outer orbital gland but occurs, although very vaguely, in the inner 
orbital gland. 

The reason Avhy in tAVo organs so alike in structure as the inner 
and outer orbital glands, Ave find more and higher nuclear classes in 
the one than in the other, might depend on the A'arying mechanical 
pressure conditions described by Jdrvi (1938), to Avhich the glands are 
subject from their immediate surroundings during the period of de- 
velopment. By increased pressure a complete division of the cells and 
the acini Avould be suppressed leading to the occurrence of incomplete 
forms of division and polymerization of the nucleus. The infraorbital 
gland lies jammed in the outer angle of the orbit and is further coA'ered 
by a firm membrane, Avhereas the extraorbital gland lies free in front 
of the external acoustic duct and the parotid gland, and is covered 
only by its OAvn capsule and the skin. This fact speaks in favour of 
Jdroi’s hypothesis. 

That six different nuclear classes occurred simultaneously in the 
inner orbital gland is quite a remarkable incidence since, as far as I 
knoAV, so many nuclear classes have not been found in other normal 
organs. True, large cell nuclei, up to 16 and 32 times the smallest cell 
volume, have been found {Jacobj 1935, G. Hertwig 1942) in the cen- 
tral nervous system but they have been calculated Avith a basic unit 
ot the smallest nuclear class volume, established by Jacobj in the 
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The light colls in the centre are Harder's cells forming acini \vi(h large la- 
mina; in places traces of a tubular structure (a). Ricli lyinpliocyle infiltra- 
tion. The rat over 1 year old. liouiii-Heidenhnin's iron licinnio.xylin. 

Magnification X 250. 










Fiff. 2. 

Hnrdrr's colls, mostly forming acini with narrow liimina. .Mitoso.s aro soi'ii 
both iti thoso colls fa) ami in the adjacent ordinary gland tissue (hi. ' 
rich lymiihocyto infiltration. Same action as in I'ig. 1. Magnification X .■>*t 
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Fig. 3. 

A beautiful rosetted tubular gland complex in Harder's gland portion of the 
same preparation as in the two foregoing figures. Mitoses are here found both 
within (a) and outside (b) this cell group. Bouin-Hcidcnhain's iron hema- 
toxylin. Magnification X 350. 
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CMating small and irregular cells forming a separate group in a 
months. Boum-Heidenhain's iron hematoxjdin. Magnification X 


rat of 
500. 
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Fifj. 5. 

A »roconstructioii nudeus«, (he size of 21,5 X 19 u, in a rat ol 4 inoufiis. Ilnuin- 
Jleldcnham's iron hematoxylin. Magnification X 1000. 


F)>. 6. 

A nucleus the size of 21 X 14 u nith a micleol of 12 X 9,3 in a rat of 4 
months, .lust above the largo hucleol a small nuclcol in the same nucleus 
is seen. Baubi~}Ichlcnhain’s iron hematoxylin. JIagnification X 1000. 

Fig, 7. 

A large cell with three large and dinted nuclei in a rat of 5 montlis. llonln- 
Heidenhain's iron hematoxylin. Magnification X 1000. 



t-i'S. S I'iR. !> 


Fitj.S. 

A cel! with four nuclei in a rat of 1 year. The two uppermo-st nuclei have an 
!!\erago diameter of 12.25 and and 11.75 ji and belong to (he fourth 
class, whetva.s (he two lowest nuclei with an average diameter of 9.;)i <ui< 
X7.5 u .'^Itould he referred to the third nuclear class. i)oinn-Ilciilp»hnini^ not> 
hematoxylin. 5fagnificatioa X 1000. 

Fig. 0. . 

Xuclenr sub.stance (lie length of 29 jn comprising a formation r(’.semiim|-' 
amitosis. In nnotlier projection two different nuclei arc, however, clear) 
distinguishuhle the limits of which are indicated hr (he arrow in the figitre. 
Unuin-lleidfnhiibi’s iron hematoxylin. Magnification X 1000, 



631 


live,- ot the mottse. Actually they form but three 

Beside the cell species menlloued in the tovegomg. 
also described various deviating cell species in the outer orbital gland 
of the rat. and we shall in the following first investigate the types 
Jhich occur dispersed among the cells in the above mentioned more 

solid portions of the gland. , , i • 

Very large, actually giant cells with irregular and dinted nude 

were described by Loewenihal already in Ins first work of 18t .) and 
compared to the megacarcocytes of the hone marrow. As already 
pointed out, the largest cell nuclei in the inner orbital gland arc often 
irregular in form. There are clefts in the nucleus which sometimes 
gives it an amitosis-like appearance. Closer examination generallj ic- 
vcal.s, however, that a nucleus of this kind is often com])Osed of two 
nuclei pressed against one another in a cell with two nuclei, usually 
covering each other in the section, TIic largest nucleus measured l)y 
me had an average diameter of 21 a, thus actually a »giant ccll«. 

In the larger cells the nucleoli are sometimes of an imposing size 
(picture 6), or number. Large cells, resembling reconstruction mitoses 
(Teir 1944, p. 135 — 13S) are occasionally found, and picture 5 .shows 
a nucleus of the size of 21.5 X 19 a and belonging to the sixth nuclear 
class. Poljmuclear cells are frequently found. 3 — 6 nuclei in one cell 
is not a rare occurrence. The nuclei arc often clustered together in a 
heap which renders it difficult to determine exactly their number in 
the sections. A very large cell with three nuclei lying close together is 
found in picture 7. This cell is from the 4 months old rat, and re- 
sembles at a cursory glance an amilosis. Picture 9 shows two longish 
nuclei close to one another resembling an amitosis. However, the arrow 
points at a distinct limit between two nuclei which can he observed in 
the microscope in another projection. The two small nuclei in the 
lower part of the picture represent the smallest nuclear class. Picture 
8 shows a cell with four nuclei, two of which have a size of al)oul 12 ii 
and two of about 9 u. Deviating cell forms of tliis kind are not seldom 
found in the inner orbital gland of the rat. 

Loewenihal (1900, p. 540) also described a type of deviating cells 
with remarkably small nuclei and acini with narrow luinina. Like 
Loewenihal I also believe tliat these cells are young Harder’s cells 
which will he dealt with more closely in the following. 

I wish to describe briefly one more type of deviating cells. Lohuli 
and lobes comprising small, often irregular nuclei, staining inlensclv 
m hematoxylin, and sometimes exhibiting ragged contours, arc occa- 
sionally found in the gland. Such a iiortion can he seen on picture 4 
the nuclei are intensely stained with Feulgen's nuclear stain particu- 
arly m Boum-fixed preparations wliereas Chninjnj's fixation appa- 
rently was not equally suitable for Feiilgen's reaction. The irremilar 


form of the nuclei excludes 


every possibility of determining the nu- 
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clear sizes. An approximative estimation of the nuclear sizes would 
indicate the lowest nuclear class. It is also possible that the latter have 
the ])ower of developing later in another direction. 


The so-called Harder’s cells and the size of their nuclei. 


The compact gland portions described above mostly dominate the 
histological picture. However, Loewcnthal (1895) described a deviat- 
ing cell type in the inner orbital gland of the rat, viz. the so-called 
Harder’s cells. 

These cells resemble the cells in Harder’s gland, also situated in 
the orbit. The cells are light with small nuclei of almost equal size and 
forming acini with remarkably large lumina which in turn form gland 
portions of varying sizes which occur in groups in the organ. Similar 
gland cells were described by Collin and Florentin (1930), Jiirvi (1938) 
and Teir (1944) in the outer orbital gland of the rat. 

I did not, however, find such cells in the above mentioned 3 rats, 
although sections were taken at different depths of the paraffin blocks. 
Jdrvi also mentioned that in several rats he did not find this kind of 
cells in the outer orbital gland. When the outer orbital gland was de- 
scribed for the first time by Loewcnthal he stated that he found no 
such cells in the organ. 

Since the occasional absence of one type of cell from an organ 
seemed somewhat strange to me, I examined 17 while rats in order to 
establish whether Harder’s cells occurred or not. The ages of 3, 4. a. S 
and 9 months wore represented by 3 animals and the age of 1 year by 
2 animals. All wore of the same origin as the former animals. I made 
on an average 1 1 sections at different dejjths of the paraffin blocks 
both of the left and the right inner orbital gland. Cells resembling 
Harder’s cells were found only in two animals, in a male of .) monlbs 
an in another over 1 year old. 

The latter proved to he rare specimen for examination since Har- 
der’s cells occurred so numerously that they were often ])redominaling 


in the histological picture. They occur in pronounced grou])s (picture 
1 and 2), one section showing groups of 50 — 60 acini. They arc not 
covered by a capsule hut are directly adjacent to the acini in the com- 
pact gland portions and, as to the localization in the organ, they do not 
seem to follow any definite rules. The size of the acini is about Ibe 
same as in the compact gland portions. The lumina arc mostly quite 
large. In /ionfn-fixed preparations stained with Heidcnhain s iron he- 
matoxylin. they contained a secretion, stained greyish, in which soli- 
tary desquamated epithelial cells can he seen. The cells arc flat but 
may sometimes he cubic. The cell limits are not nearly as well define! 
as in the compact gland portions. 

The nuclei arc small, often somewhat irregular, hut vary very liHlf’ 
in size, 'rahic I gives the result of the measuring of the nuclei. Here 
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, ^ frl-ind (Teir 1944) is but one nuclear class, the 

as in the outer orbital ^ 1 e to the average 


Tabic i. 

Variations in the nuclear sizes of the so-callcd Harder^s gland cells. 


NiiHcar 
ilianioli r.s 
in II 

Nvimbcr of 

mono* 

1 nuclt*aletl 

1 cells 

Frecjiicnzy 
niaxlma of llie 
nninonucU'altil 
cells 

r).25 1 



ii.nO 

8 


5.75 

19 


fi.OO 

:m 

I Dj=f).27 

G.25 

G.nO 

67 

111 

(Kj = 246 

G.75 1 

24 


7.00 

20 


7.00 

15 


7.25 

11 


7.50 

4 


7.75 

1 


8.00 



8.25 

1 


8.50 

1 


8.75 



9.00 

1 


9.25 

1 


9.50 
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ol' the cells and also to the fact tlial they often seem somewhat swollen, 
sometimes even showing signs of karyolysis. I found only one definitely 
doublenucleated cell. The 4 large nuclei occurring in the table, and 
coming close to the volume value of the third nuclear class, lie just on 
the limit of the compact gland portions. 

Also in the 5 months old rat the nuclei of Harder’s cells are of 
equal size and belong to the lowest nuclear class. 

In order quickly to obtain a lucid picture of the relations of the 
nuclear classes I have on a paper draAvn circles with diameters cor- 
responding to those of the average A-olume A-alues of the nuclear classes 
earlier determined in the organ. I filled these circles Avith black Indian 
ink, cut them out and attached Avhite paper handles to them. MoAung 
these figures on the projection table and comparing them Avith the 
nuclear sizes in the preparation, and approximate idea is obtained of 
the relations of the nuclear classes in the section. 
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Both in the outer and the inner orbital gland small light dots, hartllv 
distinguishable to the naked eye, can sometimes i)c found on the sur- 
face. The idea occurred to me that these dots might correspond to the 
fatly //order’s cells, and in order to check this, I examined fnriher 11 
rats out of which 5 were four and 6 five months old. With the aid of a 
lopuc both glands were freed on both sides and the surfaces were llnv 
roughly examined also with the aid of a loui)e. It appeared that all flic 
glands in seven animals were homogenously yellowish brown and 
showed no spots. In 4 animals, however, light dots were found. In 
three animals these dots, of a size of 0,5 — 1 mm, were freed with the 
aid of a loupe and fixed in 10 per cent formalin. In the beginning of 
the fixation thej' were stained during 10 — 15 seconds in an ordinary 
Giemsa basic solution in order to be more easily recognized during the 
later treatment of the jjrcparalion.s. The ])re]:)arations embedded in pa- 
raffin were stained with hemaluni-eosin. 

A total of 6 samples were taken from the three experimental ani- 
mals, 4 of the inner and 2 of the outer orbital gland. Hnrrlcrs cells 
were found in 5 samples. As to the sixth sample it was already during 
the preparation uncertain whether the cxlremclj' small dot was in- 
cluded in the microscopic preparation, /’his should prove, con.sidcring 
that these cells arc generally rare in the two lacrimal glands Pf rodents, 
that the light dots on the surface of the gland correspond to TJardcr'f. 
cells. 

Bather large, ramified tubular gland complexes arc sometimes 
found in Harder’s gland portions. These complexes occur indcpendenl- 
ly of the ago of the animals, being found also in the over one year old 
rat {picture 1, 2, 3). In these gland complexes mitoses arc sometimes 
seen as also in adjacent comjracl gland portions (pictures 2 and .31. hi 
places with more ahundanl regeneration of glandular tissue lympho- 
cyte infiltrations may often occur (pictures 1 and 2). These observa- 
tions indicate that Harder’s gland portions cither develop late, or lhal 
they may be able to continue their development long after liic growlli 
of the organ and the individual have ceased. 


Siimmanj. 

1. In the inner orbital gland of the rat six different nuclear classes 
arc found, the (wo bighesf. however, being comjiaralivcly wcaKlj re- 
presented. The relation of the nuclear classes are as 1 ; 2 : 4 ; 8 . 1 > • 
32 following Jacob] — Heidenhain's rule of the doubling growth of 1 le 
cells. 

2. The small while dots sometimes occurring on the surface o 
the orbital glands in the white rat correspond to the so-called Har( rr s 
cells which may still develop long after the growth of the organ an< 
the individual base ceased. 7'hcsc cells which form hut one nuck.ir 
class, are more closely described. 
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AN INCOMPLETE AGGLUTININ RELATED TO THE 
L- (LEWIS) SYSTEM 

By P. H. Aiidrescn <t Kell Jorilal. 

(Received for publication Fcbruai'j' -itb, 19i9.) 

For both the Lewis b 3 and tbe Lutheran^ blood group systems the symbols 
Li and La have been used. TJicreforc the following notation will be used.^ 
Gene; Li = Lc^, La = Lc*’ and the phenotypes: Li + La — = Le{a + b— ), Li — 
La+ = Lo (a — b+), Li— La— = Lo (a — b— ). 


The L-syslcm is characterized by the receptors Le“ and Lc^, (An- 
dresen 3)4)5), and in adults persons Ave find 3 phenotypes (Lc(a+li-), 
Le(a-b+), Le(a-b-)) The heriditance is determined by two allcic 
genes, and Le^ Avhere Le'’ is dominant. This theory alone doc.s 
not explain the type (Lc(a'b'). 

In the inA'cstigations Avith many anti-Le^ sera (from person.s of 
type Lc(a-b-) ) aa’c found the characteristic reaction Avith Lc^, but after 
some time a Aveak reaction AAas also obtained by most other Wood 
cells, even if thej' haAc no Le^-receptor. 

The reactions Avere ahvays A’crj' AA’eak and the results Avcrc not 
significant, hut aa’c never found an agglutination AA'ith blood cells of 
type Le(a-b-). Recently aa’c found a ncAv anti-Le^* serum (Petra) from 


a mother of tyj)c A,Le(a-b-). The AAeak reaction Avas here more mar- 
ked, and after a fcAV inAcstigations it aaos possible lo cslabtish Uval 
the scrum contained partly an anti-Lc^* agglutinin, partly .an incom- 
j>lcte agglutinin A\hich reacted Avilb about 90 per cent of alt hlooc 
samples. 

By using blood cells suspended in their oAvn plasma or in albumin 
Avc got a very strong agglutination. 

Table 1 shoAvs the result of 300 inAcstigations Avilh anti-Ec’. nn • 
Lc>’ and the ncAv agglutinin (in this paper designated anli-X and im 
receptor X). 

The most characteristic result is that all X- arc also (Le(a-h-) aiu 
in the case of types O and A, all Lc (a-b-) arc also X — • 
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Tabic /. 

Investigations with Anti-Li, Anti-Le and Anti-\, 


Blood Group 

Reaction with Anti- 

Reaction with 

scrum )>Potra« 

Adults 

0 & As 

Le^ 


-1- 

51 

113 

oaih) 

A _ 

0 

0 

24 (24) 

Ai 

1 1 + 

1 + 1 

29 

55(117) 

0 

0 

5( 9) 




(311) 

(33) 

Children 

0 & A2 



81 ( 81) 

9( 5) 

Ai 



54 ( 5i) 

4( 4) 




(135) 

( 9) 


Tabic 2. 


i 

Blood sample 

j Serum 


1 1 

■ivira- 

• Potra« 

Typo 

Ko. ■ 

■4- 

4* 

1 

Sulino 1/t 

allmiutn l/I 

Lc('a+b — )X+ 

G 

+ + 

+ + 

» 

12 

+ + 

+ -}- 

» 

19 

+ + 

+ + 

)) 

20 

+ + 

+ + 

Lc(a— b + )X-f 

3 

{ + ) 

-f-h 

}> 

10 

— 

-1- + 

» 

13 

— 

+ + 

3 ) 

14 

— 

4- 4* 

)) 

17 

— 

4- -j. 

)> 

22 

( + ) 

d- + 

» 

23 

— 

-h + 

» 

28 

— 

4~ 

Le (a — b — ) X — 

11 

— 

— 


27 

— 

— 


The difference behvccn anti-Le» and anti-X is demonstrated in 
table 2, but the difference will also he seen in other investigations; 
anti-Le^ reacts at 37° C., anti-X only at room temperature, and anti- 
Le» is demonstrable by a specific hemolysin reaction. 

It is more difficult to prove that anti-X is not anti-Lcb. The dif- 
ference between anti-Lei> and anti-X Avill be 1) anti-X gives the same 
per cent X+ in group O and in group Ai, 2) and the anti-X gives also 
the same per cent X in children and adults (see table 1), 3) by ah- 


■ 12 * 
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sorption with Le(a + 1)-) cells all agglutinins anti-Lc’ as well as aiili-X 
will be absorbed. 

Our investigations show that X must be an heritable properly. H jv 
therefore to be supposed that another factor x exist and that Ihe 
hemozy'gote (xx) inhibits the development of jdienotyj)cs of the 
Lewis-system. 


Summary. 

A new incomplete isoagglutinin is demonstrated which reacts willi 
a heritable recejjtor found in 90 per cent of all persons. This receplnr 
will be lacking in persons of type Lc(a-b-) only. 
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INVESTIGATIONS ON THE BLOODFACTOR P. 

By K. Ilcnnintjsrji. 

(Boccivctl fov publication Marc)> Mth. lOlH.) 

In 1927 Lamhlcincr & Levine encoiinlered a rabbit immune scrum 
containing a hitherto unknown agglutinin, the corrcsj)onding blood- 
factor of which was designated P. (16). It was soon ascertained that 
the reactions of this agglutinin agreed to a certain extent with the 
reactions of an agglutinin found earlier in human scrum, the so-called 
extraaggluUnin I. Agglutinins reacting similarly were later found in 
normal animal sera especially from pigs, horses and cattle (20, 21). 
The reactions, however, of the sera derived from different sources, 
did not agree exactly (17) and consequently the different P-factors 
wore designated in accordance with the sera used for the determina- 
tions as Pj for P found by immune sera, Pj, for normal animalsera 
and Pn for human anli-P sera. Landsleincr vt Levine (lil) found in 
Caucasians 81,9 per cent h.aving the P-factor while in negroes 97.8 
per cent were P positive. Another i)ccnliarily was that the P-i)ositive 
bloods were agglutinated in a greatly varying intensity and that the 
strongest reactions were most frequently met with in negroes, liy 
means of family investigations it was made certain that P was a here- 
ditary property hut the exact mechanism could not be determined. 
(21, 19). 

Later investigations on this blood-group have been somewhat ham- 
pered by the difficulties in obtaining potent anti-P sera. The immune 
sera could not be reproduced with any certainty, and the human anli-P 
sera were mostly loo weak for groui)ing ])ur])oses. 

Using normal animal sera (from pigs) P. Dahr and coworkers have 
performed e.xlcnsive investigations (5, 6. 7, 8, 9, 10, 11), finding 7-1 ]>er 
cent P-b in 7429 persons, and by family- and twin-investigations it 
was established that the P-faclor was inherited as a Mendclian domi- 
nant depending upon a single pair of allelic genes P and j). In the 
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children, 4 exceptions from this hypothesis occurred, hut illcf’iliinacv 
could not he excluded in any of those cases. 

Jiingmichcl (15) has tested 1586 persons finding 75,54 per cent 
P+. Among 40 families he encountered 2 families in ^vhich both jia- 
rents -were P — . None of the seven children in those families \verc P-i-. 

By comparative determinations with a normal animal serum 
(cattle) and a human anti-P serum, Anclresen (1) found a fairly good 
correlation, the percentages of P+ being 82,3 using the animal serum, 
80,7 using human serum. The latter was a tyi)ical cold agglutinin reac- 
ting, however, specifically with P. By titration and absorption tbe ma- 
terial was divided into 3 groups according to the strength of the ro- 
cei)tor. The distinction, however, l)etween those grou])s was not sbarjdy 
defined, there being ap]iarently intermediary forms. 

From Statens Rlittskemiska Laborntorium, Stockholm, a series of 
mother-child combinations has been published supporting the above- 
mentioned theory of heredity (28, 14). 

The authors investigations with regard to the dctcriniuation of 
factor P. the distribution in the Danish population, the possible sub- 
grouping according to strength, and the occurrence and cbaraclcrislics 
of anti-P of human origin are presented in the following pai)cr. 


Technic. 

It must he realised that the difficulties in P-grouping arc greater 
than in grouping with the ABO- and MN-sj’stems. On account of less 
j)otcnt sera the reactions are usually considerably weaker and require 
more time to he fully developed. On account of this, there is a greater 
risk of obtaining non-specific reactions, especially as dilution of test- 
sera after absorption or more intensive absorption, in order to increase 
the s])ccificity, is j)rohihitcd by the low titer of the teslscra. Another 
difficulty is that the distinction between P — and P+ is not sharp. 
There is an apparently gradual transition from P — through IMveak 
to P-strong corpuscles. L. & L. acknowledged this fact in their first 
communication on P and consequently designated some of the veakcr 
reactions as P-b. Dahr maintained to produce a shar]) differentiation 
provided the testscrum was of sufficient potency, hut less ])otcnt sera 
necessitate a sjiccial and very delicate technic to attain this sharp 
differentation. 

Using animal sera the slide method has been preferred. Incubation 
usually has been performed at rooni-lemperaturc and the reactions 
were read after 15 minutes (Dahr, .lungmichel) or with intcrrals o 
5 minutes for 35 minutes in all (.lon.sson). Andresen used the slh c 
method with animal as well as with human serum, the reactions vd ' 
the first being done at room-temperature, with the latter at 6 degrees 
centigrade. Further, absorption tests have been used to some extent 
(.lungmichel. Jonsson, .Andresen) jiartly as a means of verifying vea 
receptors and jiartly for subgrouping according to rcccjitor strength. 
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ar"'ell as human sera. The" reactions with the animal scrum 
are done at controlled temperature, about 18 degrees ^ ‘ 

microscopical and macroscopical readings are done every o mu uio 
during 35 minutes. In this way an appraisal of the reccptoi st cngUi 
is attained taking into consideration both the period until agglu ina- 
tion occurs, and the maximal strength of agglutination. Fiirthcr the 
samples may be tested with anti-P scrum of human origin, the tests 
being done in test tubes and read macroscopically after incubating 
overnight in the refrigerator. Finally every samiilc is cliecked by ali- 
sorption with a human anti-P serum. 

The author has used an absorbed normal horse serum as well as 
several human anti-P sera. The horse seriini is absorbed undiluted 


with half a volume of P negative A, B and O crylbrocyles the serum 
containing rather strong agglutinins against all 3 factors. After ab- 
sorption and subsequent dilution with an equal volume of saline the 
serum reacts specifically against factor P provided that the readings 
are done not later than 30 — 45 minutes after mixing the serum and 
the corpuscles. This absorbed scrum has a liter of 1:16 against strong 
P-j- but in dilution 1:2 it usually gives distinct agglutination even 
with weak receptors. The weakest, however, give only microscojiically 
vi.sible agglutination. Unfortunately, the serum has some tendency of 
rouleaux formation, which, however, to some extent may be overcome 


by diluting 1:2 and by using very thin suspensions of corinisclos. 
about i/o per cent in terms of sediment. During the firsl part of the 
investigation the human sera comprised an A, and a B serum called 
Iris and Sine. The anti-P agglutinins in each were relatively -weak 
giving adequate reactions with the stronger receptors but especially in 
children thej' failed to react with the weak. It was not possible to 
absorb these sera with regard to Anli-A and anti-B as the anti-P titer 
by this absorption was further diminished on account of non-specific 
inhibition. The titer of both sera against strong receptors was about 
1:16 by test on slide when read after about half an hour in the re- 
frigerator. At room-temperature the sera agglutinated only the stron- 
ger and strongest receptors. 


In the latter part of the investigation the human sera were em- 
ployed exclusively by the testtube method, incubating the tubes in the 

r hiTIT IHs method serum Sine uas found to have 

a titer of 1:64 against strong P-f. In the course of the investigation 
seieial more human anti-P sera were encountered, of which a O se 
™ Lso, had a titer of 1:64-128 using the lesltuhe method 

.anti^AVnd""B "iUi regard to agglutinins 

A and -B, thus employing it for agglutination tests of all samples. 
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Occasionally another serum, Gunnar, group A„, ^Yas used unabsorlte,) 
for testing A- and O-bloods. The tcsttuhe method in rcfrigeralor ne- 
cessitated removal of the non-specific coldagglutinins present in innsl 
sera, which was accomplished by absorption in the refrigerator over- 
night with half a volume of the sera’s own cells. 

During the first part of the investigation the actual tests with the 
horseserum were carried out on glass slides which were incubated in 
moist chamber at room-temperature for 30 — 45 minutes. The readings 
were done macroscopically and checked microscopically in order to 
prevent false positive readings due to rouleaux formation and further 
to detect the weakest reactions. Simultaneously the samples, willi the 
exception of group AB, were tested against human sera, cilbcr Iris 
or Sine, according to group. The tests were made on .slides inenbated 
for about half an hour at 6 degrees centigrade and read quiclcly after 
removing the slide from the refrigerator. Here again Ibc readings 
were made macro- and microscopically. In this way there might be 
some danger of obtaining false positive reactions on account of non- 
specific coldagglutinalion, but those reactions usually disappear iifter 
a couple of minutes at room-temperature, whereas the s])ccific P-rcac- 
tion is slighllj' more stable. 

With this technic reliable results were obtained in a majority of 
cases hut in a few they were dubious and not satisfactory. In conse- 
quence a more elaborate routine was developed on the lines of llie 
Swedish technic, with which the author during a visit to Slockbnlni 
had the opportunity of familiarizing himself, and the last part of the 
investigation has been carried out by the following technic. Iwcr\’ 
sample is tested in 3 ways. First agglutination test with aitsorbed 
horse scrum is carried out on slides at a temperature of 16—- Itl de- 
grees centigrade. 2 drojis of scrum to one drop of the suspensions are 
used, and the reactions arc read macro- and microscopically 
intervals of 5 to 10 minutes until the final reading after 30 ininulcs. 
In this way the speed of the reaction is noted, and further (he close 
scrutiny of all phases of the agglutination makes the final reading 
more certain. After testing with the horse scrum every sample is li- 
Iratcd against the absorbed human serum, Leo, in dilutions 1:2 l-Ol- 
4'his titration is carried out in testtubes, which are incubated omt- 
night in the refrigerator. The readings are made macroscopicalb after 
slight shaking. Finally a simplified absori)tion test is carried out >> 
absorbing a dilution (1 :G) of scrum Sine with about one third solunH 
of cells. .After absorption overnight in the refrigerator the 
tested against P-j- of medium strenght by the tcsttuhe method, le 
final readings arc made macroscoj)ically after slight shaking, as '\c ^ 
as by judging the configuration of the sediment in the bottom ^ 
lube. The absorbing volume of corpuscles is 1 droj) of tightly pat u 
eiylhrticytes to 3 drojis of serum. In the daily routine this ma> a 
attained by making the original suspensions contain just this amoun 
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of cells. After using the suspension for the agglutination tests, it is 
centrifugated at 3000 rev. p. min. for about 10 minutes, the supei- 
natant is removed and 3 drops of dilute serum are added to the sedi- 
ment. As a matter of course a P-negative control is included in every 
absorption set-up, as well as a known positive control, preferably 
always the same, is included in every titration. 

In this way every sample is checked 3 times with 3 different sera, 
and in most cases it is possible to reach a definite conclusion. In a few 
cases the agglutination reaction is very weak, and the simplified ab- 
sorption does not confirm the agglutination with certainty. In such 
cases special absorption experiments are set up with both animal and 
human sera including known positive and negative samples. After ab- 
sorption the sera are titrated against test bloods of different strength 
taking into consideration the speed of the reactions as well as the 
final titer. In a few cases of small children it is still im]iossihlc to 
reach a final decision, and these cases have to he referred to later 
examination, when the child has become older. 


Results. 

The first part of the investigation com])riscs 909 determinations in 
adults and 393 in children, of which 190 (20.9 per cent) adults and 
96 (24.4 per cent) children were P — . All determinations arc made 
with horse serum and a great proportion is checked by human anti-P 
serum. In a number of cases, especially children and the weakest re- 
ceptors in adults, apparent discrepancies have occurred Ijetwcen liorsc 
and human sera, the reactions being positive with the former, negative 
with the latter. Those discrepancies may well he explained by the 
different potency of the lest sera as indicated in the latter pari of the 
investigation by ahsorj)lion cxi)crimenls. The latter part carried out 
by the more elaborate technic comprises 1436 adults and odd children 
the P -- frequency being 21.3 per cent (306) in adults and 25,9 per cent 
(140) in children. 

In comparing the two parts of the investigation the agreement be- 
tween the frequencies of P— and P-f- is obvious, being well within the 
limit of the calculated standard error (29). 

The formula of the standard error is: 


Po X q„ + -ly p„and q„being the percentages of the observed 

f investigation, n. and n.. the 

in ids w4^""^ error calculated 


in adults: d=|/2UX7S,9(ix ^ 3 )= 1.73, 

in children: d = 


2.77. 
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The results of the entire material arc summarized in tables 1 ■) 
and 3. ' ’ ■ 

Table I. 


ADULTS 



total 

percentage 
of material 



percentage 
of P- 

A: 

10« 

44.5 

829 

215 

20.G -f- 1.25 

0: 

OGO 

41 

75.3 

207 

21.0 4-1. .33 

B: 

24G 

10.5 

10:1 

53 

21.C-1-2.0S 

AB: 

95 

4 

74 

21 

22.0 -1- 4.25 

M: 

700 

29.8 

533 

1G7 

23.8 -f l.G 

X: 

508 

21.7 

407 

101 

19.9 -1-1. S 

MX: 

1137 

48.5 

909 

228 

20.0 -M. 2 

males: 

137G 

58.5 

1080 

29G 

21.5 -f 1.1 

females: 

909 

41.5 

709 

200 

20.0 + 1.3 

total: 

2345 

100 

1849 

49C 

21.1 4- O.Si 


Disti'ibulion of P factor in adults a-itliin AhO and MX systems and 

according <o sex. 


Table -2. 


CHILDHEX 



total 

P4- 

! 

percentage 
of P- 

A: 

.398 

301 

97 

24.4 4- 2.10 

0: 

304 

2CG 

98 

27.0 4- 2.32 

B + AB: 

171 

1.30 

41 

2-4.0 4- 3.36 

total: 

933 

G07 

230 

25.3 4- 1.-4 


Distribution of P factor in children. 


It is seen from tabic 1 that the material represents an un.sclccted 
sector of the population, the aj)proximatc normal freciucncies in tbe 
Danish population being for A 43,1}, 0 42, li 10,5, AB 4, M 20. N 21.;) 
and MN 40,.5 per cent (23, 24, 22, 3. 2). Further earlier statements 
(10, 30) arc verified with regard to factor P’s indcj)endenec of the 
ABO and MX systems and se.\. 

The percentage of P — is found considerably less than the per- 
centage attained by Dahr and coworkers, 26 per cent (7420 observa- 
tions). .lungmichcl, 24,46 per cent (1586 observations) and .lonsson 
23.60 per cent (lOSO observations). The difference between (be au- 
thor’s and the Swedish jicrccntagcs is not statistically significant and 
may be accounted for by the limited material. The percentage of .hing- 
michcl is just inside the limit of 3 times the standard error of 1.46. 
while the i)crcentago of Dahr is well outside (his limit in coiujiaring 
the two materials. 
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Tabic 3. 

The frequencies of tlie different combinations Avitliin ABO, MN 
and P systems. 


! 

ADULTS 

1 CHILDREN 

designation 

number of 
observations | 

percentage j 

j calculated I 
percentage j 

1 number of 
observations 


1 OMP + 

2 OMP— 

3 ONP + 

4 ONP— 

0 OMNP4- 
e OMNP— 

7 AiMP + 

8 AiMP— 

9 AiNP + 

10 AiNP— 

11 AiMNP + 


12 

AiMNP— 

13 

AsMP-f. 

14 

AsMP— 

15 

A 2 NP + 

16 

A 2 NP— 

17 

A 2 MNP + 

18 

AqMNP— 

10 

BMP + 

20 

BMP— 

21 

BNP+ 

22 

BNP— 

23 

BMNP + 

24 

BMNP— 

25 

A 1 BMP + 

26 

AiBMP— 

27 

A 1 BNP+ 

28 

AiBNP— 

29 

A 1 BMNP + 

30 

AiBMNP— 


31 AeBlMP-f. 

32 AsBMP— 

33 A2Bi\p + 
31 AeBNP— 
35 A 2 BMNP+ 
33 AsBJBVp-, 


201 

8.60 

77 

3.18 

161 

6.85 

41 

1.75 

391 

16.65 

89 

3.90 

196 

8.35 

53 

2.26 

143 

6.10 

32 

1.36 

288 

12.30 

85 

3.62 

48 

2.02 

15 

0.64 

36 

1.53 

12 

0.51 

118 

5.00 

18 . 

0.77 

63 

2.68 

17 

0.72 

51 

2,17 

12 

0.51 

79 

3.36 

24 

1.20 

IS 

0.77 

4 

0.17 

10 

0.43 

3 

0.13 

24 

1.20 

6 

0.26 

7 

0.30 

1 

0 

0 

6 

1 

0.26 

0 

0 


9.62 

85 

2.56 

28 

7.15 

51 

1.90 

16 

16.41 

130 

4.36 

54 

7.78 

63 

2.04 

23 

5.69 

43 

1.52 

12 

13.10 

113 

3.48 

34 

2.29 

24 

0.61 

9 

1.70 

19 

0.45 

4 

3.92 

39 

1.04 

15 

2.40 

20 

0.64 

12 

1.78 

17 

0.48 

4 

4.10 

35 

1.09 

10 

0.71 

10 


0.19 


0.14 


0.21 

0.05 

0.15 

0.04 

0.35 
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In order to investigate llie reason of this discrepancv l)et\voen the itmiU- 
of Dalir and tliosc of the autlior's, tlie material of Ijahr was sulijcctod to a 
more thorough analysis. It is a conspicuous fact tliat Die ])orcciiIape of p— 
found by Dalir is growing graduately from 17,2 per cent in 1950 (0) to ‘>5 ,,r.r 
cent in 1941 (9) and to 2G per cent in 1942 (10). Taking the detorininatioiK of 
each communication separately, the material was tlien divided into ('rnup^ 
the autlior obtaining the respective figures hy subtracting from the total 
number of the communication in question, the previously i)Ubh.';|ied mirntier 
of determinations. It is seen that 15G0 determinations iii 1950 revealed 17,2 
per cent P — . Later in 1940 an additional amount of S8l dotcrrihntitions was 
published tlie P — per cent in this communication being 35,0 (7). In 1951 (Oj 
the P— - percentage was found to be 25 in 1089 deterniination.s and in 1952 (10) 
29,2 per cent P — was found in 29 48 determinatioms, Evcti if the material con- 
sists of family and twin investigations to a great e.xtcnt, and oven if a con- 
siderable part of the samples originates from children, the findings strongly 
suggest a greatly varying potency of the sera used. Further the suinining uj) 
of different .series of investigations is hardly pei'missiblc, if the results differ 
to such c.vteTit, as it is found in fho.se .scries. B.v calculating the standard 
error for the first and second scries from 1940 the difference is found to he 
about 9 limes the standard error, and a similar result is obtained by com- 
paring the results of the first series of 1940 with the series of 1952. 

Thus the disci’cpanc.v between Dabr’s and the author’s results may \vcll 
bo o.xplaincd by supposing the use of loss potent sera in Dnbr's Inter investi- 
gations coupled with the inclusion of children in Dabr's figure.s. The P— 
frequency of 17,2 per cent, however, found by Dabr in the first series is not 
to be accounted for in this way, but the possibility of rouleaux formation si- 
mulating weak positive reaction can not he excluded, e.spccinlly n.s it is not 
made clear, if microscojtical control of the reactions has boon ))erIormed. 


The percentages of P — found hy Andresen, 18,3 per cent in nOG 
observations and by Laiidsteiner & Levine in their original series. 
18,1 in 265 observations, may well be explained by the limited number 


of observations. 

Contrasting to the findings of Dabr 5 8) the percentages of P in 
children in this investigation is found higher than in adults, and 
the reactions arc generally weaker. This difference in frcqiicncv of 
the demonstrable P-factor is a lilllc less than 3 times the standard 
error of 1.8, but nonetheless it is probably significant for tiic fol- 
lowing reasons. On the whole, the difference has been constant during 
the whole course of the investigation. Further it is seen from tabic 4. 
that the percentages of P — which in new horn children is about ILl 
per cent with an additional 14.7 per cent not being positive with 
certainty, with one cxcc])tion, wliicli may well be due to chance, is 
liigher than in adults until the a.gc of 2 years, but if must be I'ln- 
phazised that tlie number of observations is liintfcd, and the figures 
of the table is not considered a proof Juit just an indic.'ilion. 


RcUability of P-groiipinrf. 

As always in groupin.g work it is considered of Ibe greatest iin- 
port.-uu-e to obtain elearcut and .synonymous results esjiccially if 
forensic use is aimed :it. To a great extent the Icebnic mentioned 
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Table << 


age 

total 

i 

1 

P -f- ! 

! 

P — 

1 

P + 

1 

l)crcentagc 
of P — 

percentage 
of P ± 


14.7 

1.9 

2.2 

i!i 

0 

1.8 

2.7 


DislrilnUion of factor P in children of different age groups. 


new borne 

0— 2 months 
2— 6 months 
6—12 months 

1— 2 years 

more than 2 years 
total 


41 

18 

17 

(5 

41.4 

53 

38 

14 

1 

2G.4 

ISO 

13(5 

40 

4 

2t.8 

9t 

75 

IS 

1 

19.1 

50 

42 

17 

0 

28.8 

00 

43 

11 

1 

20.0 

488 

352 

123 

13 

2o.2 


above eliminates the difficulties wliich arc encountered in telling the 
very weak P+ from P — . If agglutination with hetero- and homologous 
serais very weak contingently absent, the absorj)lion experimcnl may 
disclose a weak P-receptor. If the absorption is not satisfactory by 
the standard technic, the inhibition of tbe specific agglutinin may 
be demonstrated liy si^ccial absorption experiments titrating the 
absorbed sera against P+ tcstbloods of various strengths. On llie other 
hand a very weak agglutination by the horse serum wliich is suspected 
of being nonspecific may be confirmed as such by absorjUion experi- 
ments. Ordinarily no discro])ancics are found between the results 
obtained with the various sera setting aside llial tlie weakest reccj)tors 
are not agglutinated by the homologous serum. In tliose cases the 
routine absorption mostly ]n-ovides the conclusive evidence. Among 
975 observations in adults 9 samples have ])ccn encountered disj)laying 
some kind of discrepancy. Of those eases seven gave a weak and 
uncertain agglutination with either the horse or the human serum, 
whereas absorption experiments clearly ])rovcd them to be P — . The 
eighth sample was about a week old and was not ngglulinaled l)y 
any of the sera, in the al).sori)tion experiment, however, inhibition 
of the specific agglutinin to a moderate extent was observed. The 
ninth sample was agglutinated by the horse scrum but not by tbe 
human serum and the standard absorption gave a slightly dubious 
result. On account of scarcity of blood more elaborate absorption ex- 
periments could not be performed. Thus in only two cases among the 
adults a certain diagnosis coidd not be established, and veiy likely 
reexamination of fresh samjdes might solve the question. 

In children the situation is slightly different. Concomitantly with 
the series of 975 adults 266 children were tested, of which 13 gave 
dubious results. It has to be taken into consideration, however, that 
very often the scarcity of blood in samples from children prohibits 
extensive absorption experiments. 

As a last resort in dubious cases the scrum of the sam])lc may be 
examined with regard to the specific anti-P agglutinin which has been 
ound to be present in a majority of the negative bloods. 
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Receptor strength. 

The variation in receptor strength which is one of the oiUslantiin!: 
characteristics of factor P has been subject to some investigation hx 
earlier workers. In their original scries Landsleiner & Levine found 
3 groups according to the inlcnsily of the reactions. Of 26') observa- 
lions 8.3 per cent were designated ++, 42.3 per cent +( + ) and 31 ,’{ 
per cent +— the remaining 18.1 per cent being purely negative. A more 
exact estimate of the strength has been attained by titration and 
absorption experiments (Dahr, Andresen, Jonsson), but titrations 
especially have been hampered by the difficulties in obtaining suf- 
ficiently potent sera. 

After obtaining a human anti-P serum of considerable slrenglii, 
provided te.sttube method and refrigerator temperature is employed, 
the author lias been able to estimate the strength of a great many 
unselected samples by titration. The results of those titrations arc 
given in figure 1. 



re(iprc(Alr.Mvc9f<tilviietM reeipreesl tSiUUf'i 


Fig. f. 

DisU'ibution of llic receptor strength in adults and children. 

As .seen from the diagram it is not possible in this way to sul)* 
divide the factor in distinct classes according to strength, the graph 
being aj)proximatcly of the shape of a normal distribution. By absorp 
lion experiments using another human serum a similar conclusion 
was reached, the absorbing power of the different .samples varying 
gradually from very weak to strong with no sharply defined inlcrvah- 
Titrations with still another human anti-P serum did not differ in 
any way from this result. 

In children the strength of the receptor is found considcra i > 
weaker than in adults. This fact, whicli is in confornnly with He 
findings within the ABO-hloodgronp system, has been noted by 
earlier investigators (Andresen, Jonsson), hut is contradicted by 
the results of Dahr (8). It is confirmed in this material by a grc.at 
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number of lUralions with a human scrum, the resulls of wliiclj lilra- 
tions arc given in figure 1. II is seen that the peak of the curve m 
children is at 2 instead of at S as in adults, and that a far gi eater 
proportion of P+ children does not react at all with this scrum. 

A number of samples have been examined simultaneously with 
several different sera by titration and ahsorjition obtaining fairly good, 
if not complete correlation between the receptor strength independent- 
ly of the method of examination. As a general rule it is seen that 
receptors proclaimed weak by examination with one scrum arc found 
weak loo by examinations with the other available sera and vice versa, 
no matter whether the strength has been determined by simi)le titra- 
tion or by absorption. As an example a diagram of the correlation 
between the titrations with sera Leo and Gtinnar is shown. 
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rnruloin Wood samplc.s titrated against serum i<(iunnar« and id.eoit. ’I'lio 
final (iter of eacli .sample again.st one of the sera is plotted against the final 
titer of the stime sample against the other serum. 

brom this general rule a few exceptions have been encountered, 
but further investigations have not revealed indications of cjualiltilive 
diperenccs in the P-rccci)lor.s or the anli-P sera. A number of the 
minor discrepancies is to be explained by the sera’s varying capacity 
of differentiating Uic strength. Apj>arcnlly the homologmis sera have 
a greater differentiating range, the strong P+ having a high liter with 
these sera, the weakest not reacting at all, whereas the heterologous 
scrum gives more uniform reactions with regard to the final titer. 

Allcmps at a qualitative differentiation by means of absorption 
expernnents have not been successful. With due regard to the strength 
« the sera and the receptor strength in the bloods examined, even 
le weaker receptors by absorption arc able to remove all of the 
• pec.fic agglutmm contained in the various sera. On the other hand 
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it has been established, that the strength is a constant property in 
adults, and by family investigations it is revealed that this quality de- 
pends on homo- and heterozygotism as well as on other hereditary 
differences. 


Anti-P agglutinins of human origin. 

Anti-P agglutinins in human sera of sufficient potency for practical 
purposes are found in a limited number of cases, even if they are 
considerably more frequent than maintained by Dahr (61. Using a 
very sensitive technic, however, specific agglutinins are demonstrable 
in most P-negative sera. As anti-P of human origin is a cold agglu- 
tinin the sera to be tested have to be absorbed with regard to the 
non-specific cold agglutinins, which absorption is done in the refri- 
gerator overnight wnth half a volume OP — corpuscles. The absorbed 
sera are tested against 4 — 5 strong OP-h and 2 — 3 OP — . In this way 
109 P — ■ sera have been tested, 84 being unselected, 25 preferably 
mothers and children. The results are given in table 5. 


Table 5. 




part 1. 

! 


part 2. 

1 

part 1-1-2 


i 

5 1 

, 1 
1 < 




O 

5 1 



n S 5 

1 











1 ^ 


= ! 



— 


= 1 



- ^ ^ 



sera con- 
taining anti-P 

16 

23 

9 


2 

15 5 

70 





84 



25 

sera not con- 
taining anti-P 

17 

7 

12 


0 

1 2 

39 


Determinations of specific anti-P agglutinin in sera from P — blood 

specimens. 

It appears from the table that a greater proportion of sera from 
wmmen than from men and children contains demonstrable agglu- 
tinins, rvhich might indicate an immunizing mechanism. In order to, 
obtain evidence of this hypothesis the mother-child combinations with 
regard to group P are plotted against the occurrence of anti-P in the 
serum of mother or child. This does not confirm a theory of a specific 
immunizing mechanism, provided that the mothers are primiparae. As 
the bloodsamples originate from cases of disputed paternity this pre- 
sumption may be justified in a great proportion of cases. 

In the second part of table 5 it is seen that specific agglutinins 
are found in almost 90 per cent, and probably sufficient strong test- 
bloods might reveal anti-P agglutinins in 100 per cent of P sera. 
The author has not had the oj^portunity of investigating the sera of 
a series of w'omen who have not been pregnant and consequently the 
question can not be answered, if the greater percentage of demon- 
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Table 6. 


I 1 

scrum contain- 
ing anli-P 

serum not 
containing anli-P 

mothers with P-t child 

15 

4 

mothers with P — child 

11 

2 

children with P-h mother 

8 

b 

children with P— mother 

G 

4 


Distribution of anti-P agglutinin in sera of naothoi-s and children tabulated 
with regard to the P factor. 

strable agglutinins in Avoinen is due to a nonspecific immunization 
during pregnancy. 

In some instances the author has examined P sera using al- 
buinine suspensions, blocking test and develo])ing test (Coomb s test) 
(12, 26, 4) without obtaining evidence of incomplete, specific anti- 
bodies. 

In a number of instances the strength of the agglutinins has been 
titrated against strong P+ corpuscles as demonstrated in table 7. In 
a great proportion of cases, however, the amount of serum available 
was not sufficient for titrating purposes and further 3 of the author’s 
usual test sera of human origin are included in the table. Consequently 
this may not represent the real proportions of the strength of the 
agglutinins, but at any rate it depicts the range of the variation. 


Table 7. 



<2 

2 

4 

8 

IG 

32 

G4 

128 

reciprocal value of 
dilutions. 

men 

2 

1 

1 

2 

1 

0 

2 

0 


women 

3 

7 

4 

0 

3 

0 

2 

0 


children 

1 

1 

2 

1 






total 

6 

9 

7 

3 

4 

0 

4 

0 



Final titer of anti-P agglutinins in 33 human sera when tested against 

strong P+ corpuscles. 


Some of the most potent anti-P sera which the author has en- 
countered, originate from men. On interrogation of these men, no 
information was obtained of injections or transfusions which might 
have acted as immunizing agents. The agglutinin may thus be con- 
sidered as a natural iso-agglutinin of greatly varying strength, in most 
cases, however, being very weak. 

In view of the maintained character of anti-P of human origin as 
a cold agglutinin, some experiments have been made with the purpose 
of establishing the optimum temperature of the agglutination. Two 
human and one horse serum were tested against strong P-f- corpuscles 
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incubating 2 hours by various temperatures. After centrifugation ~ 
2000 rev./per min. for 1 minute — the reactions were read macro- 
scopicalJy by aid of a hand lens after gentle shaking. The results are 
given in figure 3 from which is seen that the human sera react con- 
siderably stronger at 6 degrees centigrade than at 20, and do not react 
at all at SO or 37 degrees centigrade. The reactions of the horse serum 
are also weaker at high temperatures but to a lesser degree than the 
human sera and there is no appreciable difference between the re- 
actions at 6 and 20 degrees centigrade. 



Teinp. (cen//grades) 

Fig. 3. 

Titrations of a horse serum (2446) and two human sera against strong P+ 
corpuscles at different temperatures. 

The author has not been able to produce agglutination with human 
sera at body temperature, although such has been observed using al- 
bumin suspension of the corpuscles (Freisleben; personal communica- 
tion). On the other hand the fact that agglutination in vitro is difficult 
to produce does not exclude the possibility of agglutination in vivo. 

The significance of factor P. 

The significance of factor P in clinical medicine is probably very 
slight. The possibility of a P-positive foetus immunizing as P-negative 
mother and in consequence contracting erythroblastosis can not be ex- 
cluded, but instances of erythroblastosis of this genesis have not been 
published, and as mentioned above, this investigation has not con- 
firmed the hypothesis of a specific immunizing agent as a cause o 
anti-P antibodies. . 

Following bloodtransfusions haemolytic reactions caused by ^riti- 
antibodies have been encountered, but probably they are exceeding y 
rare. Wiener & Peters (25) have demonstrated an anti-P agglutinin m 
a bloodspecimen from a patient who had a haemolytic reaction follov 
ing a blood transfusion. Wiener & Unger (27) report a case o an 
anti-P agglutinin presumably caused by immunization and foun m 
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the blood of a patient in the eoiirsc of a series of blood transfusions. ) 

The chief value of P-grouping, however, is in forensic medicine in 
cases of disputed paternity. In a number of cases in Germany and Swe- 
den (Dahr, 9, Wolff, 28, Jonsson, 14) P-grouping has been used to 
prove non-paternity, the evidence, however, being regarded as inferioi 
to the evidence of ABO- and MN-grouping. In Denmark P-grouping as 
yet is only used for legal purposes in selected cases preferably coupled 
with a general comparative anthropological examination, and at that 
it is considered only circumstantial evidence. 

The medico-legal aspect of P-grouping will be discussed in some 
detail in connection with an investigation on the heredity of factor P 
which will be published in a later communication. 


Snmmanj. 

After a short survey of the iircvious communications on factor P 
the results of the author’s investigations are picsented. 

1. The technic of the investigation is described, the importance is 
stressed of using animal as well as human sera, and further the ne- 
cessity of absorption experiments in determining weak P receptors is 
mentioned. 

2. In determining an unsclectcd sector of the Danish population 
the frequency of factor P in adults was found to be 78,9 per cent in 
2345 observations. In children the frequency was somewhat lower in- 
dicating that the receptor is not fully developed at birth. In analysing 
the material the reliability of the determinations is discussed. 

3. An appraisal of the variation of the recei)tor strength is attained 
by titrations with a human anti-P serum. The results are shown in a 
graph representing approximately a normal variation curve and it is 
concluded, that a subdivision of the P factor in distinct groups ac- 
cording to strength is not possible. On the other hand it is postulated 
that the receptor strength is a constant property depending on homo- 
and hetcrozygotism as well as'on other hereditary differenees. Investi- 
gations on the heredity of fr.ctor P justifying this postulate arc going 
to be published in a later communication. 

4. In examining a number of sera from P — blood specimens 
anti-P agglutinins have been demonstrated in a majority of eases, most 
frequently in women, but also in men and children. It has not been 
possible to find evidenee of any specific immunizing process. In com- 
paring anti-P sera derived from different sources approximately iden- 
tical results have been obtained, and no evidence of qualitative differ- 


•) P. Moiircau (Rev. Beige Sciences Med. tome XVI: 258. 1945) has reported 
anUbodiT=^^ haimolytic reaction following blond Iransfnsion due to anti-P 
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ences between anti-P agglutinins or between P factors of different 
strength has been found. 

The clinical and forensic significance of P grouping is briefly men- 
tioned. 
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ADDENDUM: 

Since this paper was submitted for publication B- Sanger, S. D- 
and B. B. Race (Revue d’Hematologie, tome 4, no. 1- 1949. pag- 28) ® , 

on an investigation of factor P. The observed frequency of P+ in 
serrations was 74 per cent. In comparing these results with those , 
author’s Zc is found to be about 5,7 for one degree of freedom. 
the difference may well be significant and may be e.xplained by a 
frequency of the gene for P in London than in Denmark. On the o ’ ’ 
the possibility cannot be excluded that the different results obtame 
rious investigators are due to differences of the technic cmplojecl. 
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INFLUENCE OF SODIUM CHLORIDE ON GROWTH OF 
STAPHYLOCOCCI AND SOME OTHER BACTERIA 

By Astrid Fagraciis. 

(Received for ))ubIicalion February 2iul, 19i9.) 

The isolation of staphylococci from clinical material (throat s^Yabs, 
pus and feces) is complicated by the presence of other organisms 
which grow more vigorously on the usual media than do staphylococci. 
However, Koch observed that staphylococci grew out in pure culture 
from bacterial mixtures (staphylococci, B. coli, Salmonella, strepto- 
cocci and the diphtheria bacillus) if the mixture were inoculated in 
broth containing 15 — 20 % sodium chloride. Chapman made use of 
this observation in preparing a media containing 7.5 % NaCl for the 
isolation of staphylococci from mixtures of bacteria and this media 
(referred to as phenol mannitol plate) has been used in our laboratory 
for some time. It has not proved entirely satisfactory because other 
bacteria, particularly B. proteus and some B. subtilis strains are not 
always sufficiently inhibited at this concentration; furthermore, even 
the staphylocoeci are somewhat inhibited at this concentration. Ac- 
cordingly, attempts were made first to cultivate fecal samples in 
serum broth containing 6.5 per cent sodium chloride, followed by a 
subculture on phenol mannitol plates. This procedure was found to 
yield considerably more staphylococci than did a smear on the Chap- 
man plate alone. The same applied to the isolation of staphylococci 
from the nose and pharynx. However, these results will be treated 
in more detail in another connection. 

At these preliminary examinations a broth containing 6.5 per cent 
sodium chloride was used, i. e. slightly less than the quantity included 
in the Chapman substrate. Nevertheless, an increase in the content 
of sodium chloride might give a still greater accumulation of staphylo- 
cocci at cultivation of a mixed infected material. The present in- 
vestigation was undertaken in an attempt to define the concentration 
of sodium chloride which maximally inhibits other organisms while 
permitting an adequate growth of staphylococci. 

Acta path. Vol. XXVI. 5 
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Materials and methods: 

Bacteria. 56 coagulase-positive strains of the Staphylococcus aureus were 
tested. All had been isolated from fecal samples. 15 B. coli strains and 10 
Proteus strains had the same origin. One of the 5 Subtilis strains was ob- 
tained from feces. 

The gi'owth of these different bacteria in varying sodium chloride medium 
was examined, separately as well as in different combinations. 

Media: The Chapman media as used in this experiment contained 7.5% 
sodium chloride, 0.03 % phenol and 1.0 % mannitol. Ordinary blood plates 
were also used for comparison. Broth was prepared containing 15% horse 
serum and the following percentages of sodium chloride: 0.5, 6.5, 7, 8 10 12 
14, 16 and 18. ’ ' 

Methods. For unmixed cultm-es, 0.1 ml. of a 20 hour broth culture (diluted 
to 10—^ for staphylococci, and to 10— ^ for the other bacteria) was inoculated 
into a series of tubes, containing 6 ml. of broth of varying sodium chloride 
concentration. Small inocula were used so that the resulting sparse growth 
could be better estimated by visual examination. The amount of the inoculum 
was usually determined by plating the same sample on agar and reading 
after 24 hours incubation. The test series were incubated at 37° for 18—20 
hours and the growth determined directlj^ on a scale from 0 to -f-h-t. This 
was sometimes checked by plate counting (from a subculture on agar). 

For mixed cultures 0.1 ml. of a 20 hour culture (diluted as above) was 
inoculated in the same way, but at the same time a similar quantity was 
plated on an ordinary blood agar and on a phenol mannitol plate. After in- 
cubation for 18 — 20 hours at 37°, 0.1 ml. of the test broth cultures was sub- 
cultured on the same substrates. In a few instances a smear was also made 
from the broth cultures diluted to 10—5. The blood plates were studied after 
about 24 hours, the phenol mannitol plates a second time after incubation 
for a further 24 — 48 hours. 


Results: 

A. Examination of the sodium chloride tolerance of various bacteria. 

1. Staphylococcus aureus (Table 1). 

After cultivation of very small quantities of bacteria (0.3 12 
bacteria per ml. of broth) for 24 hours at 37° C a fairly good growth 
was observed in the broth tubes containing up to 8 — 10 per cent 
sodium chloride. All of 56 examined strains grew distinctly, at macro- 
scopic examination, in broth containing 10 per cent sodium chloride. 
After this a slight inhibition set in and, at 14 per cent, growth was 
obvious in only 22 of 32 cases. On visual inspection of the broth tubes 
containing 16 — 18 per cent sodium chloride, no growth was discernib- 
le. The bacterial count in the plates, however, disclosed slightly more 
than the number of inoculated bacteria in these broth tubes. Such a 
plate count was performed in 22 cases, as a rule confirming the ob- 
servations made at direct observation. In broths containing 6.5 i 
per cent sodium chloride, the bacterial growth xvas fairly rich an 
was generally not affected to any notevvorthy extent by an increase m 
the content of sodium chloride to 8 — 10 per cent. After this a gradua 
inhibition took place, and after 14 per cent (i. e. in broths containing 
16 — 18 per cent) the growth was markedly reduced. 

Even visual inspection had shown that broth tubes with the usua 
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Tabic 2. 

Growth of 5 strains of B. coli, isolated from feces, in broth with varying 
concentrations of sodium chloride. 


Strain 

nr. 

Inoculum 
per ml broth 
N^umber of bact. 
inoculated 

Millions of B.coli in 

Growth 

broth containing sodium chloride in concentrations 

0.5 0,0 

6.5 '’la 

7 o/o 

8 o/o 

10 0/0 

! 12 0/0 

1 


180 

3.0 

6.6 

0.07 

0.01 


9 

310,000 

55 

6.5 

11 

0.15 

<0.01 


3 

210,000 

160 

13 

10 

0.3 

<0.01 


4 

210,000 

23 

4.0 

0.2 

0.01 

0.02 


5 

220,000 

50 

8.5 

4.0 

4.0 

<0.01 



mixture of sodium chloride (0.5 per cent) often had less sediment of 
bacteria, or less turbidity, than broth with 6.5 — 8 per cent (10 per 
cent). Moreover, the plate count was higher at the latter content of 
sodium chloride. In only 2 of the 22 counted strains the total number 
of bacteria was greater in the broth with 0.5 per cent of this com- 
pound. The counts were performed on different occasions and 2 
(partly 3) different series of broth were tested. 

2. Other bacteria (Tables 2 and 3). 

The 15 coli strains were distinctly inhibited even at a content of 
sodium chloride of only 6.5 per cent. 10 strains disclosed pronounced 
inhibition of growth at an admixture of 10 per cent of sodium chloride. 
Also in the other cases, there was a conspicuous difference in bacterial 
density between a broth with 8 and one with 10 per cent sodium 
chloride. 

The inhibition of growth of Proteus vulgaris was generally in- 
significant at 6.5 per cent sodium chloride. They often grew excellently 
even at 8 per cent. At 10 grams %, however, there was a distinct 
growth inhibition. 


Table 3. 

Growth of 6 Proteus strains, isolated from feces, in broth with varying 
concentrations of sodium chloride. 


Strain 

nr. 

Inoculum 

per ml broth 
Number of bact. 
inoculated 

Growth 

Millions of bacteria in broth containing sodium chloride in 
concentrations 

0.5 O/oj 6.5 o/o| 

7 o/o 

8 o/n 

10 0/0 

12 o/o 

14 0,0 

P 17 

53,000 

11 

7.5 

8.2 

9.4 

0.01 

0.02 

<0.00001 

P 18 

71,000 

11 

14 

7.7 

3.4 

0.006 

0.04 

0.0001 

P 19 

25,000 

11 

3.4 

3.5 

0.8 

0.003 

<0.001 

— 

P 20 

mjooo 

33 

11 

6.0 

7.8 

0.03 

0.001 

■■ — 

P 21 

40,000 

13 

15 

• 7.0 

12 

0.3 

0.003 

— 

P 22 

22,000 

39 

23 

2.2 

6.5 

0.8 

0.01 
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The 5 Subtilis strains grew abundantly even at 10 per cent and 4 
of them even at 12 per cent. The growth in broth with these concen- 
trations of sodium chloride was, nevertheless, not so rich as m ordinary 
serum broth. 

B. Mixed cultures: 

1. Staphylococcus aureus and B. coli (Table 4). 

In serum broth inoculated with staphylococci and coli at propor- 
tions of 1:100.000, B. coli were present in almost pure culture after 
20 hours. When the broth cultures w'ere inoculated on phenol man- 
nitol plates, a moderate or sparse growth of staphylococci was ob- 
tained but, with a further dilution of 1:1000, there was no growth on 
phenol mannitol plates. This proves that the quantity of staphylococci 
was insignificant. On blood plates, practically only coli grew. On the 
other hand, on phenol mannitol and blood plates to which broth cul- 
tures containing sodium chloride were transferred the growth of the 
staphylococci was greater in proportion as the amount of sodium 
chloride in the broth was increased. From 10 per cent sodium chloride 
broth, a blood plate disclosed a sparse growth of B. coli and, at 12 
per cent, pure cultures of staphylococci grew in several instances, 
especially when the broth cultures were diluted 1000 times. When the 
bacterial cultures used for inoculating the broth tubes were grown 
on blood plates only B. coli grew and no growth at all was noted on 
phenol mannitol plates. 

2. Staphylococci and Proteus vulgaris (Table 5). 

When a 20-hour-broth culture of staphylococci as well as Proteus 
was smeared on phenol mannitol plate, a moderate growth of staphylo- 
cocci would appear after 48 — 72 hours. When the broth was diluted 
100 times, the result was the same as when staphjdococci and B. coli 
were cultivated together, i. e. negative. When, on the other hand, broth 
containing 6.5 per cent or more of sodium chloride was cultivated on 
phenol mannitol plates, the staphylococci grew in moderate or 
abundant quantities even when the broth was diluted 1000 times, and 
cultures of undiluted broth gave a very rich growth of staphylococci. 
On blood plates, Proteus completely dominated in cultures from or- 
dinary broth and those containing 6.5 — 8 ]mr cent sodium chloride. 
It may be seen from Table 3, that 10 per cent clearly inhibited growth 
of Proteus. Further, from mixed cultures of staphylococci and Proteus 
on broth containing 10 — 14 per cent sodium chloride, a marked growth 
of staphylococci was obtained on blood plate, and even diluted broth 
yielded pure cultures of Staphylococcus aureus. 

3. Staphylococci and Subtilis (Table 6). 

The Subtilis group of bacteria showed a high resistance to sodium 
chloride and grew without difficulty even at a concentration of 10—12 
per cent. Due to the tendency of B. subtilis to conglomeration and the 
formation of a pelliele on growth in broth, no quantitative determina- 
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Broth containing sodium chloride in concentrations 
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Growth of Staphylococcus aureus in broths, with varying content of sodium chloride, inoculated together with about 
20.000 times more Proteus. As regards the procedure, see the text and also Table 4. 

1 Broth containing sodium chloride in concentrations 
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tion could be made according to the plate method. However, the tact 
that blood plates from broth cultures with staphylococci and B. sul)- 
tilis contained an increasing number of staphylococci, in proportion 
as the content of sodium chloride rose to 12 per cent, proved that 
even the growth of B. subtiUs bacteria is inhibited by larger concen- 
trations of sodium chloride. 

C. Groioih of Staphylococcus aureus on blood plate and phenol man- 
nitol plate. 

It was mentioned in the introduction that the phenol mannitol sub- 
strate seemed to have an inhibiting effect also on the growth of 
staphylococci. A study of Tables 4 and 6 will show that the staphy- 
lococci, in several cases, were more numerous on blood plates than 
on phenol mannitol plates •when inoculated with the same amount 
of broth culture containing a fairly large quantity of sodium chloride. 
In order to examine more closclj'^ whether any difference existed in 
the growth on the different substrates, a cultivation was made of an 
identical quantity of staphjdococci on a blood plate and on a jihcnol 
mannitol plate, the number of colonics being counted after incubation 
for 24 and 48 hours at 37^ C. The colony count was the same on the 
blood plates after 24 and 48 hours. On the phenol mannitol plates, 
the quantity was often doubled at the second registration and the 
colonies also became considerably enlarged, A comjiarison between 
the number of colonies in the various substrates revealed that the 
total number after 48 hours was the same, or but slightly greater, on 
blood plate in 6 out of 16 cases. In 8 cases, 50 — 100 per cent more 
colonies grew on the blood plate, the number on the jihenol mannitol 
plate predominating in only 2 cases. 


Discussion. 

The purpose of the present investigation was, in the first place, 
to determine the amount of sodium chloride in broth that, at cultiva- 
tion of mixed- infected material (particularlj' feces) gives the greatest 
accumulation of Staphylococcus aureus. It is necessary that such an 
accumulative substrate should strongly inhibit growth of other bac- 
teria in the sample while not restraining the growth of staphylococci 
to any marked extent. At cultures of fecal specimens, the Coli and 
Proteus group of bacteria, in particular, grow more abundantly than 
staphylococci. Also B. subtilis may effectively mask the existence of 
staphylococci in feces, as in pharyngeal specimens. 

As regards the B. coli and Proteus, a concentration of sodium 
chloride of 10 per cent in a broth is sufficient for marked inhibition 
of the growth of these bacteria. At 12—14 per cent the inhibition be- 
comes still more pronounced. On the other hand, the Staphylococcus 
aureus still grows abundantly at a sodium chloride quantity of 10 per 
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cent, even though a certain inhibition may sometimes be observed 
on comparison with the number of bacteria in broth. containing 6.5— 
7 per cent of this compound. A, sodium chloride concentration of 12 
— 14 per cent causes a more distinct inhibition of growth. Onlv IB- 
IS Gm. of sodium chloride per 100 ml of broth will, however," result 
in a marked reduction in the growth of the staphylococci. 

It is noteworthy that after incubation for 20 hours, often more 
staphylococci (sometimes considerably more) are observed in broths 
with 6.5 — 7 per cent sodium chloride than in ordinary serum broths 
which contain only 0.5 per cent salt. As this was demonstrated in 3 
different series of broth substrates, it can hardly have been coin- 
cidental. Thus, it seems as though a moderate supply of sodium chlo- 
ride to a substrate would activate growth of staphylococci. Chapman 
apparently made the same observation, maintaining that staphylococci 
coagulate plasma better when growing on 7.5 per cent proteus lactos 
agar. It has been proved, provided a staphylococcus produces coa- 
gulase at all that the capacity of the broth culture to coagulate plasma 
is proportional to the grow'th of the bacteria. Thus, when a series of 
broth cultures is tested, containing from 0.5 to 14 per cent sodium 
chloride, the coagulase-reaction may be negative in the lowest con- 
centration and positive in 6.5 per cent broth if the growth in the latter 
medium is much more marked than in the former. Broth cultures con- 
taining 14 per cent sodium chloride may give a positive reaction with 
a heavy bacterial growth, if the inoculation is sufficiently large. 

In choosing the concentration of sodium chloride which is most 
suitable for isolating Staphylococcus aureus from a mixed flora at- 
tention must be paid, partly, to the sodium chloride sensitivity of this 
bacterium and, partly, to the bacteria whose growth is to be inhibited. 
If, as in the present investigation, a more effective inhibition of the 
growth of B, coli, Proteus or the Subtilis group of bacteria is needed, 
at least 10 Gm. per 100 ml of broth of sodium chloride must be used. 
In this medium, staphylococci still grow abundantly. When the quan- 
tity of sodium chloride is further increased, this may inhibit growth 
of Proteus slightly more than before, for example, but it will also re- 
duce the growth of the staphylococci. At any rate, 14 per cent sodium 
chloride represents from a practical point of view, the maximal sodium 
chloride concentration. The advantage of this high content of sodium 
chloride in broth, viz, the possibility of obtaining pure cultures of 
staphylococci from mixed cultures on blood plate, will scarcely equal 
the disadvantage that certain strains will not tolerate such a large 
quantity of sodium chloride. In addition, an increase of the concen- 
tration above 10 per cent would seem to be unnecessary, because even 
at this percentage the staphylococci will grow distinctly if cultivate 
on a blood plate, together wdth Proteus. 

Although the use of this concentrations of sodium chloride does 



665 


iiol inhibit the growth of B. suhtilis to such an extent as it does the 
other organism in tliesc experiments its growth is sufficiently suii- 
pressed to allow good multi])lication of the sta])hyIococci. 


Siimmarij. 

1. All the 56 coagulasc-positivc strains of the Staphylococcus au- 
reus disclosed abundant growth in scrum hroth containing up to 
S — 10 per cent sodium chloride. A marked inhibition of growth oc- 
curred at a sodium chloride concentration of 16 — 18 ])er cent. 

2. B. coli and Proteus vulgaris were clcarlj' inhibited by a sodium 
chloride content of 10 per cent. 7'he growth of Proteus was further 
restrained when the concentration of sodium chloride was increased 
to 14 per cent. 

3. Cultivation of the Staphylococcus aureus together with B. coli 
and Proteus on a 10 — 14 i)cr cent sodium chloride broth caused a good 
accumulation of the sta])hj-lococci. 

4. A 10 per cent sodium chloride hroth was considered to he the 
best accumulative substrate for staphylococci. 
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DECALCIFICATION INVESTIGATION WITH 
CONTRIBUTIONS TO THE HISTOLOGICAL 
TECHNIQUE OF THE INTERNAL EAR 

By Harold Krislcnscn. 

(Received for publication February 12th, 1949.) 

After some years in experimental histological research on the inter- 
nal ear of guinea-pigs it has become clear that the histologic technique 
of this special field is somewhat deficient, owing partly to the situa- 
tion of the internal ear, enclosed in bone, and partly to the extreme 
sensitivity of the internal ear to outer influences. 

As late as 1940 this deficiency was pointed out by Werner in his com- 
prehensive book about the labyrinth. In this connection, Wemer, also nmole 
that a closer study of fixation, decalcification and embedding was necessary. 
In other fields Lillie emphasized that quick and satisfactory staining of the 
bone marrow still offered a technical problem. 

In most histologic manuals several decalcification methods are summed 
up, but only very few and inextensive studies have been performed to find 
out what the principle of decalcification is and which method is preferable- 

Schaffer (1902) tried to bring order from the confusion by means of a 
systematic testing of the then known decalcification methods. He compared 
decalcification time to swelling or shrinking of tendon and bone tissues. After 
this, the author recommended decalcification in 5 % aqueous solutiorr of 
nitric acid — a method which is still the most widely used. 

The first progress in decalcification methods since the work of Schaffa 
was achieved by Evans cC- Krajian (19.30), when they published a new method 
of decalcification. The decalcification agent was composed of equal parts 
aqueous 85 % formic acid and 20 % aqueous sodium citrate. In comparison 
with the effect of nitric acid, the authors found that the cellular elements 
were practically unaffected and staining was perfect. No mention was made 
of the decalcification time. 

In regard to decalcification of the bone marrow, Lillie (1944) publishec 
a comprehensive study on various decalcification agents and their relation 
to the Romanowsky staining. He was of opinion that a control of 
of bone marrow staining would be possible through control of the initial pH- 
He therefore made a aeries of buffered mixtures of sulfurous acid and formic 
acid for comparison with nitric acid, trichloracetic acid and acetic acic- 
5 % aqueous solution of formic acid was found the most satisfactory. 


Paper read to the Siuedish Society of Anatomy, Lund- 
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The problem of decalcification is that tissues containing bone 
cannot commonly he used for sections and the method of grinding 
sections is excluded for cytologic purposes. In some way one must 
alter the consistency of the tissues, in general soften. Tliis only can 
be done by extraction of the inorganic bone components. This again 
is to say that the bone-containing tissue must be submitted to an acid 
action inasmuch enzymatic procedures can be excluded in cytologic 
researches. But this acid action also influences the organic tissue 
components and alter their stainahility. 

During some studies over the influence of noise upon the internal 
ear (spiral ganglion and spiral organ) I tried to stain by means of 
Einarsam gallocyanin. This was for obvious reasons important be- 
cause: 1) Gallocyanin stains the Nissl-suhstance elective, and 2) Gal- 
locyanin stains progressively, excluding any mistakes due to dif- 
ferentiation. The same points of view I have found expressed in 
»Gallocyanin staining as a specific method for producing protein-in- 
clusions in liver cells« by Lagerstcdl. 

I did not succeed staining by means of this method partly because 
my preparations were emhedded in celloidin, partly because dccal- 
cification had taken place in 5 % aqueous nitric acid. 

In order to try to find a method of dccalcification uniisuallj' gently 
in action, without too much reduction of decalcification power, a 
systematic, comparative investigation was undertaken of a number 
of known dccalcification agents. The investigations were made as 
model-experiments using pieces of kidney, liver, brain and spinal cord 
as control for stainability, and small pieces of human rib as control 
of the decalcification. The employed acids were lactic acid, formic 
acid, citric acid, acetic acid, trichloracetic acid, phosphoric acid, 
chromic acid, sulfurous acid, sulfuric acid, nitric acid, hj'drochloric 
acid and various mixtures. After the decalcification the tissues were 
embedded, cut and stained by means of various sorts of hematoxylin 
and by means of gallocyanin. Now the ]>rei)arations were examined in 
comparison-microscope. The result was that one had to find the best 
decalcification fluid among the organic acids. 

Meanwhile the aforementioned experiments were not satisfactory 
on account of highly varying results in sj^ite of same procedure. There- 
fore, in order to obtain more reliable results in further decalcification 
experiments I made some bone platelets as decalcification test objects 
and some nucleus preparations as test objects for the stainability after 
the dccalcification. 

The decalcification test objects were made from fresh substantia 
compacta (from the fore-leg of a horse). They were made like platelets. 
2 mm thick, with a diameter of 7.5 mm and a weight of 170 mg. The 
test objects for stainability were made from extracted nuclei of 
spleen (from calf). The nucleus mass was centrifuged to a solid block 
winch was afterwards fixed in 70 % alcohol and embedded in paraf- 
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fin. Sections of 20 micron were cut and mounted on slides. These 
sections (after removal of paraffin) together with the bone platelets 
were put into the aforementioned acids (of various normality and 
temperature). 

The rate of decalcification and the decalcification time was control- 
led by means of X-ray photographs. At the end of the. decalcification 
the nucleus preparations were treated as ordinary sections and stained 
by means of gallocyanin and noAv. it was possible to express the 
intensity of staining in figures by means of a Pulfrich photometer. 

In all trials it was found that 1 N and 2 N formic acid gave re- 
latively' the best nuclear staining at a not too long decalcification 
time. 

Following investigations on formic acid of various strength proved 
that 4 N formic acid, of pH 1.1, gave the fastest decalcification 
but with a somewhat impaired nuclear staining, compared to formic 
acid of lower normality. Formic acid of higher normality showed a 
greater injuring action and at the same time the decalcification pro- 
ceeded more slowly, especially in the case of concentrated formic acid, 
which decalcified so slowly' that the tissue was destroyed. 

As by another trial a certain parallellism was ascertained between 
the pH of the decalcifying agent on one hand and decalcifying time 
and nuclear staining on the other, so that a low' pH gave quick de- 
calcification but inferior nuclear staining and vice versa. Furthermore 
one did not like to use a pH lower than for the common fixatives. It 
therefore was quite pertinent to try to preserve the decalcifying effect 
of formic acid with simultaneous diminution of the actual hydrogen 
ion concentration. I therefore tried a buffer solution of formic acid 
and the easily soluble sodium salt of this acid. 

Even the first trials succeeded surprisingly w'ell and new investiga- 
tions w'ere started w'ith formic acid of various normalities mixed w'ith 
1 N sodium formate in various proportions, in order to find a mixture 
with optimal decalcifying effect and maximal pH. 

Of the various compositions, mixture No. 1 (equal parts of IN 
formic acid and 1 N sodium formate, pH 3.8) decalcified in 5 days, 
mixture No. 5 (equal parts of 2 N formic acid and 1 N sodium formate, 
pH 3.25) decalcified in 60 hours, mixture No. 8 (equal parts 4N 
formic acid and 1 N sodium formate, pH 2.7) decalcified in 36 houis 
while mixture No. 10 (equal parts of 8 N formic acid and 1 N sodium 
formate, pH 2.2) decalcified in scarcely 24 hours. 

By photometer examinations on preparations stained with gallo- 
cyanin, lowered nuclear stainability w'as found in those which ha 
been in mixtures with lower pH levels. However the difference was no 
great; and therefore the fastest decalcifying mixture (No. 10) was 
preferred- 

It is noticeable that the pH of this mixture of formic acid an 
sodium formate is the same as Vio N formic acid w'hich, how'ever, ta es 
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about 5 daj’s for complete decalcification; and what is more strange, 
it decalcifies faster than IN formic acid with pH 1.75. Furthermore 
it decalcifies somewhat faster and much better that VioN nitric acid 
or hj'drochloric acid with pH 1.0 and, moreover it is apparently .su- 
perior to the mixture of formic acid and sodium citrate with pH 1.75. 

Overdecalcification, by using twice the time necessary, shows a 
somewhat lowered nuclear stainability photometrically, hut less so 
than other known decalcification agents under similar sircumstances. 

The treatment did not alter the color or the appearance of the 
bone blocks. They were found uniformly decalcified and easy to cut, 
even after embedding in paraffin. This is important for the problem 
under study, because embedding the labyrinths in paraffin is a neces- 
sary^ condition in carrying out the above mentioned staining method. 

The only after-treatment used was washing in running water for 
24 hours. The proceeding treatment with sodium sulfate was omitted 
because a volumetric, pycnomctric investigation showed no advantage 
from use of sodium sulfate, hut rather sooner a distinct, though slight 
lowering of the stainability. 

Now it was quite natural to try to transfer this decalcification and 
embedding methods to the histologic procedure of guinea-pig laby- 
rinths. 

The decalcification rate was very uniform. It lasted about 48 hours, 
twice the time necessary for nitric acid to decalcify. 

As xylolc before the paraffin embedding hardened the decalcified 
bone pretty much I tried to avoid this intermedium, taking instead 
the tissue blocks directly fra water through dioxan to paraffin. Mean- 
while this procedure made the tissues shrink rather much. 

The following procedure W'as found the most fit: 

Dehydration in alcohol (70 % — 96 % — 100 %) — cedar oil 12 
hours ligroin 2 hours — and paraffin. 

The employed paraffin contained about 20 % yellow' bee w'ax. This 
high W'ax contents kept the paraffin easy to cut in spite of cooling 
the tissue blocks before the cutting. In this manner I w'as able to cut 
sections 6 — 7 microns thick. 

In these sections the Nissl-granulcs of the spiral ganglion stained 
excellently by means of gallocyanin. According to Einarson this means 
that the formic acid-sodium formate decalcification method as op- 
posed to other know'n decalcification methods preserves the nucleo- 
proteins of the ganglion cells. 


Summary. 

Following several experimental investigations, an improved method 
of decalcification has been devised. The principle of this method is 
to obtain complete decalcification w'ithout diminishing the stainability 
of the Nissl-granules by means of gallocyanin. This is accomplished 
by the help of a buffer solution of equal parts of 8 N formic acid and 



670 


1 N sodium formate {pH 2.2). After-treatment only consists in rinsing 
in flowing water for 24 hours. Dehydration is in alcohol (70 %, 96 %, 
100 % ) —■ cedar oil-ligroin. Embedding in paraffin follows. By means 
of this procedure I succeeded in staining the Nissl-substance of the 
internal ear ganglia with galiocyanin. 


REFERENCES: 

Einarson, L.: 3. Comp. Neurol. 61; 101, 1935. 

Evans, N. & A. Krajian: Arch. Path. 10: 447, 1930. 

Lillie, M. D.: Amer- J. Path. 20: 291, 1944. 

Schaffer, J.: Zscln-. wiss. Mikr. 19; 308, 1902. 

IFerner, Cl. F.: Das Labyrinth, Georg Thieme, Leipzig, 1940. 



fbom the department of bacteriology, gade's institute, 

BERGEN, NORWAY 


THE X STRAIN OF SH. PARADYSENTERIAE 
(FLEXNER) — APPARENTLY A VALID TYPE 

By .Rolf Sarholm. 

(Received for publicaiion February 12(b. 1949.) 

As a result of the investigations of Boyd (1938, 1940) and Wheeler 
(1944 a, 1944 b) on Sh. paradysenlcriac (Flexner), the types X and Y 
are now often regarded as degenerated laboratory strains without 
type-specific antigens. Recently /vau/'/mann and Ferguson (1948) con- 
curred with this view. Wilson and Miles (1947) have suggested that 
the numbering of the Flexner types should be delayed till the position 
of X is cleared up. Weil el nl. (1944) maintain that X and Y have 
type-specific antigens, hut said of X that: »We have found this type up 
to the present lime only in stock strains.* Further on they said: »Wlie- 
ther antigen VII (X) occurs as a sole primary antigen in freshly 
isolated strains, or whether it comes only to the fore in old culture 
strains after loss of other somatic antigens — as contended by Boyd 
— is a question that only future experience can settle.* At a later 
date (1947), Weil in a preliminary report stated that he had identified 
a recently isolated strain as X. Elrod and Wormiis (1946) isolated 12 
X strains from soldiers on the West front during World War II. They 
did not state how long after isolation these strains had been identified. 
In this instance sera prepared by Wheeler were used. 

This communication concerns three X strains of Sh. paradysente- 
riae (Flexner) which were identified two to four months after they 
had been isolated from faeces during an investigation of Flexner types 
found in Norway {Saxholm, 1948). Between isolation and identification 
the strains were kept on Dorset’s egg medium which Vogelsang (1933) 
found could be relied on to preserve the antigen properties of Salmonella 
strains. Identification was carried out with type-specific sera prepared 
by Weil and also with the type-specific sera which are used by the 
U. S. Army laboratories. These sera were kindlj’^ supplied to us by 
Dr. A. J. Weil and by Dr. Ph. R. Carlquist. The U. S. Army laboratories 
do not produce type-specific sera for X and Y as they were not as- 
sumed to be distinct types {Carlquist, 1947). Using U. S. Army labo- 
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ratories’ sera one could conclude no more than that all three strains 
were either X or Y. The strains were agglutinated hy Weil’s type- 
specific X serum. 

Boyd (1938) has described X as an incomplete Type Z; in this 
connection it is worth noting that in the present investigation in addi- 
tion to X several Z types were also found. However, there was no 
epidemiologic evidence to indicate a connection between Z and X. 
X was found only in scattered cases w'hich were well isolated in time 
and space from the Z cases. Further, several of the Z strains were 
stored in the same way as X, but for a considerably longer time — 
over 2 years — wdthout showing change of type. 


Summary and Conclusion. 

This report and others referred to sho\v that Flexner strains of X 
have been identified a comparatively short time after they have been 
isolated. Type-specific sera from three different sources confirmed 
the results. Apparently, therefore, X is a valid type and not only the de- 
generated stock culture it is frequently taken for. 
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A FAMILY ENDEMIC OF GEOTRICHOSIS PULMONUM 
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(Received for puhlicafion February FUli. 19W.) 

It is well known that certain mycoses of the lungs have altraclccl 
a great deal of interest both as distinct diseases and because of their 
ability of illuding as tuberculosis. This has especially been the case 
with Histoplasmosis, caused by Ili.'stoplasnui capsuintnw and to a 
smaller extent also with Geotricliosis, caused by diffcrcnl spccica of 
Geoiriclnim, a genus of fungi under the Ercmnscaccne impcrfcciac 
Dodge. 

While these diseases have been described quite often in American 
bacteriological literature, they arc very seldom mentioned in the 
European literature. It is not clear wbclbcr lhc.se diseases do not occur 
in Europe or the European bacteriologists arc unaware of their oc- 
currence. 

During the last automn wc h.appcned to come across a little family 
endemic of Geotricliosis pulinonum, and wc feel that this is a con- 
venient occasion to give a short description both of the diseases and 
of the fungus in question. 

The material for our invc.stigalion has been sent us from Dr. 
G. Sundgaard of Eillchammcr who has been the physician in charge 
of the family. Dr. Sundgaard has for some lime treated a patient 
staying in the home for tuberculous patients under his charge sus- 
picious of tuberculosis, hut never ascertained to suffer from this in- 
fection, Ten years ago this patient came down with a disease of lier 
hipjoint of one side, and this was estimated to be of tuberculous origin 
iind the joint was even operated upon. At present this patient (who 
i.s about 30 years old) still suffers from some illness of one hiji joint 
and .shows an X-ray picture very suspect of tuberculosis. The picture 
showed a fine infiltration scattered over the lungs esiiccially in the 
middle parts and in the subclaviculary space. No signs of destruction 
were found. While in the clinic several X-ray pictures were taken of 
the lungs and as the infiltrations scorned to increase somewhat Dr. 
Sundgaard felt the necessity of making a thorough examination of the 
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family of the patient. During this examination he found that a sister 
of the patient staying in the familyhome showed the same X-ray 
picture. Both these patients were tuberculin negative and Mycobacte- 
rium tuberculosis had not been found in their discharges. Under these 
circumstances the physician thought it most reasonable to have a bac- 
teriological examination made, hoping to solve the problem that way. 
He consequently sent us the sputum from the second patient (K. M.). 
( fig. 1 ) . In this sputum we found a typical strain of Geolrichum, 
species unknown, which we will describe below'. 



Fig. ■/. 


When it was clear to us that we most probably had to deal with 
a mycotic disease we asked for the sputa and blood proofs from the 
w'hole family of eight persons. In these sputa w'e found five strains 
of the same fungus, all strains being exactly identical morphologically, 
biochemically and serologically. We may therefore describe them 
together. 

It must first be stated that only the tw'o sisters (K. M. and G. Aa.) 
showed clinical symptoms of a rather mild character, some cough 
with expectoration of a fairly fluid sputum with distinct wdhte, more 
solid flakes floating about. They had some difficulty of walking in 
elevated areas but had no distinct sensation of being ill and had no 
fever. They w'ere also the only ones that showmd the X-ray pictures 
described above. 

In the tw'o first expectorates we found on microscopical examina- 
tion an abundance of fungous material consisting of mycelial threads 
and large round bodies, granulated and obviously of mycotic origin 
(fig. 2 — 3 — 4). We found these bodies to be chlamydospores of the 
fungus. In the other three specimens, how’ever, we did not find any 
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Fig. 2. 

Direct microscopy from K. M. X 150. 



Fig. 3. 

Mycelial thread with chlamyclo- 
sporc. ^ 400. 



Fig. 4. 

A thick clump of fungous material. X iOO. 

mycelial material on direct microscopy, but the fungus grew out on 
our media as described beloAv. In these cases we found that the sputa 
contained arthrospores that grew out when the expectorates were 
kept for some time in the laboratories. We could see the sprouting of 
mycelial elements from spores, when the slide preparations were ex- 
amined from time to time. 
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This different occurrence of the fungus in the sputa is not too 
difficult to explain, since it is known that a fungus very often is found 
as spores when the expectorate is examined directly from the patient 
without delay, hut that the mycelial elements develop when the spe- 
cimen has left, the patient and is kept for some time at a suitable 
temperature. Very likely our two first specimens had been a longer 
time underway from the clinic to our institute than the last specimens. 



Fig. 5. 

Surface colonies from Saboitraud 
agar. X2. 



Fig. G. 

Single colony from Sabouraud 
agar. 1 : 1- 


The cultivation of the fungus was carried out S^bou ^d^ 

on Czapeks agar, malt extract agar and in 1 nib 4 hours 

kind. On Sahouraud agar the colonies de^;eloped mtlun 1- 
and were asteroid (fig- 5) in young condition and ^ ovoid 

close together. Older and single colonies tl,e centre 

configuration (fig. 6) with radiar stripes e Often con- 

giving the edge of the colony a fine crenated ^ppeara 

centric rings were seen in the colony and of sectors 

from the centre to the edge and thus giving le 1 p ‘ dusty or 
within the colony. The colony is flat, 

velvetlike surface. The color is pure white in young jugj-es to the 
more ivory colored as they grow older. T e co ‘ single 

medium, hut may he emulsified quite easily. The n 
colonics is about 5 cm after 8 days of cultivation. 


Grown on Sabouraiul agar with inallosc and v.yying pH con- 
centrations the colonics varied somewhat in size, being largest at a 
liighcr alcalinily. Thus a 4 days culture at pH 4 gave colonies of 

2.1 cm. and at pH 8 2.8 cm. diameter. . . r. c 

On malt extract agar the colonies reached G cm diameter after 8 
days. The colonies were otherwise as those on Sahouraud agar, hut a 
little more yellowish of color. 
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On Czapeks agar the mycelium of the fungi grew suhmerged. 

In fluid media a thick surface pellicle was ]iroduccd. while the 
medium itself remained clear. On the surface of gelatine a thick pel- 
lecle was also formed and after 8 days a slight growth took place in 
the deeper layer of the medium. 

On a close microscopical examination of the growth it was found 
that the fungus consisted of a mycelium of long segments or hyiihae 
dividing into a series of rectangular artbrosiiores. partly arranged in 
chains partly torn from the chain and occurring free in the culture 
(fig. 7). The hranching of the mycelial threads always took place im- 
mediately underneath the divisional line between two hyjdiae. 

In order to obtain an im])re.ssion of the development of the fungus 
from the arthrospore up to the com])lcte fungus we inoculated Sa- 
bouraud agar plates with a thin suspension of spores and made mi- 
croscopical examinations of the growth after different i)eriodes of 
incubation at 2.')° C. The spores originally inoculated were mainly 
cylindrical with rounded corners, while some were ovoid or sjjherical 
in structure. 
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- After 3 hours of incubation a starting development of hyphae was 
observed as a slight swelling of the spore wall. This swelling was en- 
larged and presented itself after 4 — 5 hours as a cylindrical projec- 
tion with a rounded and many times longer than the germ cell (fig. 8). 
The germination took place unipolary and in the cylindrical spores 
from a corner so that the young hyphae projected from the germ cell 
in an obtuse angle giving the picture of a golfclub. In the ovoid and 



Fig. 9. 

Branching mycelium. X 400. 


spherical arthrospores the development of the hyphae as a rule took 
place perpendicularly from the cell wall. A bipolary development of 
hyphae might also be seen. 

After 5 — 6 hours incubation the first division in segments was 
seen and after 6 hours 2 — 3 segments were already developed. And 
now a lateral branching started and practically always very close to 
the division of a hyphae (fig. 9). The hyphae and the branches stretched 
gradually in length and the outer ends were soon divided into short 
segments in the form of chains of cylindrical arthrospores. Seen in the 
colonies the segments and spores kept their places in the chain, but 
when emulsified the segments broke their connections and the emul- 
sion was then wms mostly made up of arthrospores. 

The fully developed arthrospores gradually obtained a thick doubly 
contoured wall, that contrasted to the thin wall of the hyphae. 

The average size of the spores was 5 — 7 X 8 my, the cylindrical 
ones up to 13 my long and about 5 my thick, while the spherical ones 
had a diameter of about 6 my. On beer wort agar however the spores 
might gain a length of up to 30 my and give the impression of being 
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Different fungi have been described as the cause of bronchitis and 
I ^ la ^ These pneumomycoses have a tendency of beirie 
very chronic. This is the case with Geotrichosis pulmonum. The 
clinical symp tomes of this disease are those of a chronical bronchitis 
with persistent cough. The expectorate is usually white, slimy with 
more or less grey white flakes. Medium and coarse rales are heard 
over the lungs and the x-ray pictures show infiltrations and peri- 
bronchial thickenings. There may be some small cavities. As a rule 
the patients show only very little systemic disease and the general 
health is good. 

The disease may simulate tuberculosis, as it has done in our cases. 
And this is one reason why these mycoses have gained much interest 
during the last years. 

Geotrichosis pulmonum have not been found so frequently as 
Histoplasmosis pulmonum. Thus Dodge (I) find it only seldom, and 
Reeues (2) in 79 cases of pneumomycoses found it only once. Later 
on it has been found somewhat more frequently, so by Smith (3), who 
describes 5 cases, de Almeida and da Silva (4) four cases, Kunstadter, 
Pendergrass and Schubert (5) 1 case and Moore (6) who describes 
the examinations of the fungus in a case of chronical bronchitis in a 
young man very minutely. 

What is especially of interest in our cases is the fact that the 
same strain of Geotrichum seems to have infected several persons in 
the same farm and in the neighborhood of this farm. As the fungus 
is present in soil it seems probable that these persons are infected 
from the same source, maybe dust containing spores. An infection 
from person to person may of course have taken place, but seems 
less probable than dustinhaiation. 

As to the systematic position of Geotrichum this is somewhat un- 
clear. It is quite certain that it belongs to the yeast-like fungi that 
forms large colonies and reproduce themselves by segmentation of 
the hyphae into arthrospores, as shown in our strains. According to 
the medical mycologist Dodge Geotrichura belongs to the Eremaseaceae 
as a genus under this family. The main characteristics are as follows . 

The colonies grow as fairly large, adherent membranaceous plaques 
on the medium. The surface is as a rule velvetlike, white or greyish 
'white. A thick surface pellicle is formed on fluid media, gelatine is 
slowly liquified and some carbohydrates are digested with acid forma- 
tion. The mycelium grows out from a corner of the arthrospores, a 
division occurs and branching sets in underneath the division lines. 
The edges of the hyphae are divided into rectangular arthrospores. 
In sputum chlamydospores may be found, but not in cultures. 
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Discussion. 

The investigations dealt with in this paper show that it is possible 
to find mycoses of the lungs in our country of a clinical type that 
illudes as tuberculosis. In the cases treated here the fungus was 
Geotrichum of an unknown species, and the same fungus as to sero- 
logical and biochemical characters were found in five out of eight 
members of the same family. Three of these members did not show 
any symptomes clinically or rocntgenologically. Whether or not these 
three individuals reall 5 ' are infected or infection carriers is naturally 
quite unclear. The interesting question is where the fungus has been 
inhaled and likewise if there has been any contact infection between 
the members of this family. These problems have not been solved. It 
seems obvious that cases like ours arc to he found many places if 
one only looks for them. It seems necessar 3 ' to be on our look out, 
because it is rather inconvenient for patients to be listed as tuberculous 
patients when their infection is of another and vcr\' different kind^). 


Conclusions. 

1. In five out of eight members of the same familj' an infection 
of the lungs were found to be due to Geotrichum of an unknown 
species. 

2. Two of these patients had an X-raj’ ])icture that made the 
diagnosis of tuberculosis of the lungs probable, and one of these 
patients suffered from a disease of one hip joint, for which she was 
treated in a home for tuberculous patients. 

3. All our patients had negative tuberculin reactions and Mj'co- 
bacterium tuberculosis had never been found in their sputa. 

4. It is stressed that patients like these very well maj' be found 
among patients suspect of tuberculosis. 
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THE SYNERGISTIC EFFECT OF 9.10-DIMETHYL- 
1.2-BENZANTHRAGENE AND COLCHICINE IN SKIN 
CARCINOGENESIS IN MICE 

By Kai Setcild. 

(Received for publication February 14th, 1949.) 

There are numerous suggestions in the literature that a prolonged 
stimulation of cell division must be present at the time of application 
of carcinogenic agents, or, that abundant mitotic activity occurring at 
the time of treatment — at least — shortens the time of onset of tu- 
mours^®’ On the other hand, there are now known nu- 

merous chemical and physical agents which, given together with the 
carcinogen, cause a higher yield of tumours and/or a shortening in 
the latent period. These agents are called »co-carcinogenic« agents. 
The mechanism of co-carcinogenesis has, as yet, remained unex- 
plained. BerenblunP^'^‘^ when studying the mechanism of car- 
cinogenesis, stated that » carcinogenesis in mouse-skin was a sequence 
of separate and independent processes, of which one — the preneo- 
plastic stage of hyperplasia — was a specific response, distinct from 
ordinary reparative hyperplasia«. 

Mottram^’^^- has concluded that three factors are involved in the 
production of cutaneous tumours in mice: (1) an initial ^sensitizing 
factor«, (2) a »specific cellular reaction«, and (3) a »deYeloping 
factor«. Somewhat analogous conclusions were drawn by ftous and 
collab.^® 

In an earlier paper*" the occurrence of cutaneous tumours in mice 
treated simultaneously with the highly potent 9.10-dimethyl'1.2-benz- 
anlhracene and colchicine xvas preliminary reported. 

The present communication deals with orientating experiments in 
which some solvents with different chemical and/or physical char- 
acteristics have been used as carrier for this carcinogen. 

Investigation Technique. 

The general investigation technique employed in the present woik 
was essentially the same as that previously used in out experi- 
ments.'"- 11. 23 

Because of the fact that colchicine is a very potent mitotic poison 
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the highly potent 9.10-dimethyl-1.2-benzanthracenc (Eastman Kodak 
Company, Rochester, N. Y.) was used. In the solid solvents (anhydrous 
lanolin, »Carbowax 1500«) the concentration was 0.25 to 0.3 per cent, 
and the liquid ones (acetone, dioxane) 0.03, 0.09 and 0.3 per cent re- 
spectively. The concentration of the carcinogen solubilized in aqueous 
»Triton NE« solution was the same as reported earlier (i. e., 0.07 per 
cent.)?*”. 

Colchicine (Merck, Darmstadt) was dissolved in dioxane, and in 
aqueous »Triton NE« solution with/or without carcinogen (0.01 to 0.1 
per cent), and in »Carhowax 1500« together with the carcinogen (0.1 
per cent). 

The mice (unknown strain of both sexes) were treated three times 
weekly on a large area of the hack. The solid compounds W'cre applied 
without melting them beforehand. 

The method of estimating the average time of response was the 
same used in previous experiments by the author’?* ”* ’?* 

The animals were divided into suhgrou])s, from 10 to 30 mice in 
each. 


FINDINGS 

The effect of colchicine on the intact skin. 

Ludford^"^- has shown that the action of colchicine is a direct 
one upon the cells, and colchicine has the property of inhibiting the 
spindle formation. This has been confirmed by subsequent investi- 
gations. Cells arrested in division by colchicine present a characteristic 
appearance, so-called »colchicinc mitosis«. It has been pointed out 
that in the colchicine mitosis, the cytoplasm is in »a condition of 
prolonged and thereby exaggreated anapliasc although the chromo- 
somes arc still in metaphase«’“. 

The experiments with 0.1 per cent colchicine lasted about 12 -weeks, 
during which no ulcerations (or necroses) developed. The skin of the 
mice showed no clear epilation either. The animals gained in weight 
indicating that the alkaloid -was tolerated (topically applied). All the 
mice survived until the experimental series terminated. Microscopic 
examination revealed that the epidermis was considerably increased 
in thickness (Fig. 4). The basal cells xvere i)rominenl, with large 
(sometimes clumped) nuclei, hut scanty cytoplasm, resembling the 
»podophyllin-« and/or »colchicinc cells« reported by c. g., King and 
collab.’" «. Also the kerato-hyaline granules in the superficially si- 
tuated cells of the epidermis W'ere greatly accentuated. The epidermis 
was, in general, covered by a thin, laminated, horny layer. There was 
no evident destruction of the sebaceous elements. The subcutaneous 
connective tissue layer was somewhat thickened, but there xvere no di- 
stinct signs indicating inflammatory changes. 
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The experiments with 0.01 per cent colchicine lasted also about 12 
weeks. In some eases there was no reaction at all. However, in most 
cases the occurrences described above were encountered, althouglr 

weakly. 

The effect of colchicine applied to the skin together with 
the carcinogen. 
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Fig. 2. 

Incidence of tumours in relationship to tlic nclclilionnl treatment. uCarhowax 
1500«, and anhydrous lanolin as solvents for the carcinogen. Colchicine dis- 
solved in dioxane, and in nCarhowax 1.500«. 


Acetone as solvent for the carcinogen (Fig. 1). — In the following 
paragraphs only some of the exiierimcnts arc reported. 

(1) Acetone controls (0.3, and 0.03 per cent carcinogen), without 
additional colchicine treatment. The average time of response was 
^V> and 7 weeks respectively. 

(2) 0.3 per cent carcinogen dis.solved in acetone ]mintcd for 10 
days (five applications), without additional colchicine treatment. 
During the exeprimental period the incidence of tumours did not reach 
the figure of 50 per cent (Fig. V-j-:i). 
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(5) 0.3 per cent carcinogen dissolved in acetone painted for 10 
days (five applications), followed by treatment with 0.1 per cent 
colchicine : by the 2nd and 3rd weeks there was a distinct epilation in 
all animals. Regrowth of the hair began later, and the skin of all 
mice was fully haired when the experiment terminated. The first warts 
appeared in the beginning of the 3rd week. The average time of respon- 
se varied from 3^4 to 414 weeks (in different series). The incidence 
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Fig. 3. 

Incidence of tumours in relationship to the additional treatment. Carcinogen 
and colchicine dissolved simultaneously in dioxane, and in aqueous »Tn on 

NE« solution respectively. 


of tumours reached the figure of c:a 85 per cent (Fig. 

Fig. V5). 

(4) 0.09 per cent carcinogen dissolved in acetone painted for 
days (five applications), followed by treatment with 0.1 per cen 
colchicine: the skin was completely epilated by the 2nd week of e 
experiment. However, there was a distinct regrowth of the hair in 
all animals. The average time of response was about 4^4 weeks, a 
the incidence of tumours reached the figure of 70 per cent (Fig- • • 

(5) 0.1 per cent colchicine dissolved in dioxane painted for 



days (five applications) followed by Irealinenl with O.d per cent 
carcinogen dissolved in acetone: the average ti.ne of response was 
about VA weeks (estimated from Ibc beginning of the treatment with 
the carcinogen). The incidence of tumours was about 60 jier cent (l-ig. 

i/s). 

(G) 0.3 per cent carcinogen dissolved in acetone and ]>ainlcd foi 
7 days (three times), followed by treatment with 0.1 l)er cent col- 






Fuj. h. 

Mouse skin treated (11 weeks; tliree times weekly) will; 0.1 per cent enlclncine 
dissolved in dioxnne. Kumcrous ccll.s, resembling the ejiodojibyllin rellsi< liy 
King, in llio basal layer.«. Tliickening of the epidei-niis. 


chicine: the first solitary growing warts apiteared by the -1th week 
of the experiment. There was also a weak epilation in some eases. All 
tumours disappeared, however, after a .short time. 

(7) 0.3 per cent carcinogen dissolved in acetone and painted once 
only, followed by treatment with 0.1 jier cent colchicine: there de- 
veloped only a single wart which disapjiearcd rajiidly. 

(S) 0.03 per cent carcinogen dissolved in acetone, and painted one, 
three or five limes respectively, followed by treatment with 0.1 to 
0.01 per cent colchicine dissolved in dioxanc: there developed single 
warts in each group, but the tumours disappeared, however, rapidly. 

(9) 0.3 per cent carcinogen dissolved in acetone, and painted once 
only, both preceded and followed by Irealmcnt with 0.1 ])er cent col- 
chicine: no tumours developed. 

{10) 0.03 per cent carcinogen dissolved in acetone and 0.1 per cent 
colchicine dissolved in dioxanc painted in turn (three limes weekly) 
over a long period of time: no tumours devclojicd. 

»Carbowax 1500^ as solvent for the carcinogen (Fig. 2). The 

following experiments are reported: 

Acta path. Vol. XXVI. 5 
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sept." 4 , 1946 , ”, "r" 

5 applicatiohs of MffiA (0.3ji) in acetone. 
"Post- treatment" (10 applications) v/itli 
dioxane-colohicine (0.1^). 3 x ivly. 


‘■4 

R 

a 



Fig. 3. 

Multiple warts, without epilation of the skin. 


Sept. 4, 1948 . ^ 

44 applications (3 x wly) of DAIBA (0.3/^) 

in "Carbowax-1 500" -colchdcxne 


I 



Fig. 6. . . 

ultiple warts appearing during treatment with f 

simultaneously both carcinogen and colchicin . 


(/) 0.25 per cent carcinogen dissoh-ed 1 " fdrliowaxe and awM 
lontinuously without additional treatment with co c ici ' 

,ime of response was about 11% weeks. The incidence ° ^ 

LOO per cent by the 18th week of the experiment (Fig. il- 
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( 2 ) 0.3 per cent carcinogen and 0.1 per cent colchicine dissohed 
in »Carbowax«, and applied simultaneously: by the 2nd and 3rd week 
of experiment there were signs indicating the beginning of epilation. 
The average time of response was about GVo weeks. The incidence of 
tumours reached the figure of 100 per cent by the 13th week (Fig. 
-/s, and Figs. 6 and 7). 


Anhydrous lanolin as solvent for the carcinogen (Fig. 2J. — The 
following experiments are reported: 



Fig. 7. 

Biopsy specimen from tumours seen in Fig. G. 

(7) 0.25 per cent carcinogen dissolved in anhydrous lanolin, and 
applied continuously without colchicine treatment: the average time 
of response was about 8^/2 weeks. The incidence of tumours reached 
the figure of 90 per cent by the 13th week (Fig. Va). 

(2) 0.3 per cent carcinogen dissolved in anhydrous lanolin and 
painted for 10 days (five times), followed by treatment with 0.1 per 
cent colchicine: neither tumours nor epilation developed. 

(5) 0.3 per cent carcinogen dissolved in anhydrous lanolin applied 
together with 0.1 per cent colchicine dissolved in dioxane over a long 
period of time: by the 2 nd week there were signs indicating initial 
epilation. The first solitary growing wart appeared by the 3rd to 4th 
week of the experiment. The number of tumours-bearing mice increas- 
ed, however, first by the 14th week of the experiment. The average 
time of response was about 15^2 w’ceks, i. e., nearly twice as long as 
that reported in the parapragh 1 (Fig. V 4 ). 

(4) 0.1 per cent colchicine dissolved in dioxane and painted for 
10 daj's (five applications), followed by treatment with 0.3 per cent 


46 * 
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carcinogen, dissolved in anhydrous lanolin: no distinct epilation at all 
developed. The average time of response was about 15 weeks. 

»Triton NE« solution as solvent for the carcinogen (Fig. 3). ~ 
Two experiments were made: 

(7) The carcinogen was applied continuously without additional 
colchicine treatment: the average time of response was about 9 weeks. 
All the animals had tumours by the 16th week of the experiment 
(Fig. 


Kov. 11 , 1948 . 

43 applications of DkroA(0.035^) in 
: dioxarte-colchicin.e(0.01^) 



Fig. 8. 

Mouse treated 43 times simultaneously with the carcinogen and colchicine. 

(2) The carcinogen was applied continuously with additional col- 
chicine. The first experiment: »Triton NE« solution contained simul- 
taneously 0.07 per cent carcinogen and 0.1 per cent colchicine. The 
epilation began by the 3rd week of the experiment. About 14 weeks 
after the beginning of the experiment all mice were epilated. The 
addition of 0.1 per cent colchicine inhibited the development of tu- 
mours. 

The second experiment: the aqueous »Triton NE« solution con- 
tained simultaneously 0.07 per cent carcinogen and 0.01 per cent 
colchicine. The epilation was not so distinct as in the foregoing para- 
graph. The incidence of tumours reached the figure of 20 per cent by 
the 14th week of the experiment. However, after this time the tumouis 
disappeared (Fig. Va). 

Dioxane as solvent for the carcinogen (Fig. 3). — The following 
experiments are reported: 

(7) 0.3 per cent carcinogen dissolved in dioxane and painted con- 
tinuously without additional colchicine treatment: the incidence of 


f the skin varied of 

different exi , r^oin aiiont o 

comP'>“'“' f response '’»r>e j,„d painted 

series). I- .tine epda^^®’^ tieriod and ^ about 4^/2 

about 8 . a/-). 

carcinogen (F^g- 


Discussion. p^oeriniental carci^' 

Besides the 

iSS-ts «;'; "i'S'ott 

&-n°d,nn™e™ns.odd>-^^^^^ 

- STeri 

fte foCdng P«f^f;t'caranogen) tittle^Unte cardn^^^^^^^ 

^^sii£ss|ss 

earned out 3 „psin). Second, tnat carcinogen into 

agent tbe entry of « ^ ^^^^^^.^earbons, atn*e^ 

Unt TsmaU number of f tas rarely been 

“ace. xvonid stiH have a rea^ ,„,ehicine Ihe hosvever, d 

In ihe enperin'enia' . j,y to the skin. present 

applied (inthelitetatnre) ^^jponsions ■ ji„,tane. and m 

‘has been apphed ^d topically d'SSdB'=‘*^p^.,l„„ NEs solnlion 

rrork colchietoe tn acneons 

»CarboVi’ax tono , 
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(the last mentioned is an association colloid®- It appeared that 
there developed neither ulcerations nor a permanent epilation of the 
skin when colchicine was used without carcinogen. When, on the con- 
trary, colchicine was used as additional treatment during or after 
treatment with the carcinogen, the effect of colchicine seemed to be 
dependent upon several factors modifying the results. 

Among these factors the chemical and/or physical character of 
the solvent (i. e., »carrier«) seemed to be a very important one. But, 
however, the nature of this »solvent effect« is still almost unexplained. 
Because of this, the importance of the »solvent effect« must be clear 
before the quantitative investigations with added material (e. g., col- 
chicine) are continued. 

All the observations presented here, are now under reexamination 
and quantitative study. Many facts have already been confirmed, but 
it is, as yet, too early to report detailed results. 

Because of the wide scope of the question we do not want to discuss 
the problem in this connection. There are, as shown in the present 
report, several still unknown factors modifying the results, that is also 
why the application of statistical methods in this stage of the ex- 
periments would be incorrect. 


Summarij. 

Data have been presented which indicate that the carcinogenic 
response of the mouse skin varies considerably, when colchicine and 
9.10-dimethyl-1.2-henzanthracena act synergistic, depending upon 
several factors. 

The significance of the so-called »solvent-effect« of the carrier for 
the carcinogen is emphasized. 
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AN ANTIBIOTIC EFFECT INHIBITING THE COLI- 
AEROGENES GROUP IN THE INTESTINES 
OF GUINEA-PIGS 

(Preliminary report) 

By Gunnar Fischer. 

(Received for publication February 14th, 1949.) 

The faeces of a large number of guinea-pigs have been investigated 
by cultivation on Endo- and bromthymol blue agar. There was no 
growth of coli-aerogenes in the majority of cases, but from a few 
guinea-pigs a colony or two could be cultivated. Some of the guinea- 
pigs Avere dissected and a great number of samples were taken from 
the cecum down to the anus. As a rule no coli-aerogenes growth was 
obtained, but in a few' cases some colonies of coli-aerogenes could be 
cultivated. 

On the other hand, in rabbits, an abundant grow'th of coli- 
aerogenes w'as obtained along the W'hole tract from the cecum to the 
anus. As the breeding conditions of the tw'o kinds of animals were 
identical, it would seem probable that one or more factors exist in 
the intestines of the guinea-pig, which have an unfavourable effect on 
the development of coli-aerogenes. The followung tests w'ere therefore 
performed: 

The hydrogen-ion concentration in the intestines of the guinea- 
pigs from the cecum to the anus w'as determined. It w'as found to be 
about 7 and, accordingly, could have no unfavourable effect on the 
development of coli-aerogenes. 

For the purpose of detecting the antibiotic factor, the intestinal 
flora was cultivated on agar-plates as follows: 

A culture of b. coli w'as grown in broth for 20 hours and diluted wdth broth 
in the proportion 1:10; 0.15 ml of this dilution was added to 20 ml melted 
meat-agar, and carefully mixed. A portion sufficient for one plate w'as then 
poured into a Petri dish. When the plate had solidified, pure cultures of flie 
intestinal bacteria, whose antibiotic effect was about to be studied, were 
streaked on small spots of the surface. The plate w'as subsequently incubated 
at 37° for 24 hours. Should an antibiotic effect exist, inhibition of the growth 
of the coli bacteria would be perceptible either under or round the streaked 
material; in the latter case a clear zone surrounding the antibiotic material 
would be seen. 
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In performing the tests, a number of well-known laboratory strains 
of the coli-aerogenes group were employed. Agar media containing 
serum, ascites and plasmolysed blood were used. The tests were car- 
ried out under both aerobic and anaerobic conditions ad modum 
Fortner. 

A large number of micro-organisms, cultivated from different parts 
of the intestines were tested. Some of these were sarcinae, cocci, 
aerobic spore forming bacteria as well as various kinds of moulds. 
A gram-positive coccus was the only bacteria which manifested an 
antibiotic effect; a very pronounced antibiosis was revealed against 
the majority of the investigated coli-strains. A well-defined clear zone 
of 3 — 5 mm surrounded this bacteria in both aerobic and anaerobic 
cultures. In tests with stafylococci and salmonella typhi murium, it 
was found that this micrococcus bad an even more strongly marked 
antibiotic effect against these test bacteria. 

The micrococcus was found to have the following properties: 

It is gram-positive and has a diameter of about 0.9 — l.Sp. 

It grows on ordinary agar, whether aerobic or anaerobic, with small 
crystal-clear colonies 0.2 — 0.3 mm in diameter. It also grows well in 
broth and always produces a uniform turbidity. In fermentation-tests 
the results were as follows: It ferments glucose, rhamnose, lactose, 
maltose and saccharose with the production of acid but not gas, 

A very abundant growth of micrococci of this type was found in 
the rectum of every guinea-pig. Only some of the cultivated strains, 
however, manifested an antibiotic effect. This effect is still being 
studied and will be the subject-matter of a future publication. 



FROM THE PATHOLOGIC INSTITUTION AT UPS ALA (HEADS: PRnpv^ 
SOP ROBIN FAHRAEUS AND NILS GELLERSTEDT) 


INTRACELLULAR PROTEIN CRYSTALLIZATION 

By Lennart Zcttcrgren. 

(Received for publication March 7th, 1949.) 

Alongside of the physiologic occurrence of crystalline protein in 
the interstitial cells of the testicle, well known since long ago, protein 
crystals have been observed, though extremely seldom, also in other 
human tissues. All the cases of intracellular protein crystallization 
reported in the literature seem to have disclosed a connection between 
this phenomenon and either typical »inflammatory« or atypical plasma 
cells. 

Firstly', as regards the crystallization in atypical plasma cells 
(plasmocytoma cells), Glaus, in 1917, described a case of plasmocytoma 
where peculiar, partly crystal-like, strongly refractive formations were 
observable in the cytoplasm of the tumor cells. To judge from the 
illustrations in his work, some of the tumor cells were enlarged and 
filled with collaterally stored, elongated, narrow structures. In 1919, 
Steinmann reported a case of a leukemic plasmocytoma where the 
tumor cells obtained from the blood and by sternal puncture contained, 
apart from thin fusiform rods with tapering ends, also crystalloid 
rhomboedric bodies. Finally, Apitz (1941) presented two cases of 
plasmocytoma with intracellular protein crystals. In one of these cases, 
approximately one plasma ceil out of 30 — 40 was found to be enlarged 
and filled with up to a hundred small, oval or rounded bodies. These 
bodies were markedly eosinophile and, at Weigert’s staining method, 
assumed a strongly dark blue colour, while the azan or Masson’s stain 
gave them an intense red colour. Among the amydoid reactions, only 
the one with Congo red became positive. In polarized light the inclu- 
sions were faintly, but definitely', refractive. It is noteworthy that 
similar crystalline protein accumulations were observed in the epithel- 
ial cells of the renal tubules in tbe same case. In Apitz’ other case, an 
abundance of collaterally stored, acicular crystal formations with the 
same tinctorial properties as in the former case were seen in a fev 
very large tumor cells. 

However, as mentioned by w'ay of introduction, cases have been 
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described where crystals of a protein nature have been found in or- 
dinary »inflnmmaiorij« plasma cells. Thus, in 1889 Mibelli noticed, in 
his studies of rhinoscleromas, that the hyalin substance in some 
»hyalin cells« fell into rod-shaped fragments, »einem Zigarrenbunde 
ahnlich«. He interpreted these inclusions as scleroma bacilli contained 
in the cells, while Apitz, among others, was convinced that they re- 
ferred to protein crystals. In 1896, Podwyssotzky stated that he had, 
in a case of maxillary cancroid that involved a ju'onounced granuloma 
formation, among the cells in the granulation tissue observed some 
containing hyalin structures in the cytoplasm. Some of these bodies 
had a globular shape, others were characterized as rhombic crystals. 
In 1913. Helena Freifeld described a similar case. This was a matter 
of an adenocarcinoma in the maxilla. Apart from Russell’s bodies in 
large quantities, she found in the granulation tissue pervading the 
stroma of the tumor >'die Zellen mit einer Anzahl von langlichen, 
rhombischen Kristallen ausgefullt. die meistens einander parallel la- 
gen und alle Eigcnschaften von Hj'alin behalten hatten«. Van den 
Berghe, in 1947, reported that he had observed, in the hone marrow 
of the rabbit, four plasma cells with cr 5 'stalloid cytoplasm inclusions, 
and likewise in the hone marrow of a 4-year-old child one single 
plasma cell with similar inclusions. However, van den Berghe did not 
offer any data regarding the optical activity or tinctorial properties 
of the assumed crystals. 

Since the majority of the observations presented in the literature 
regarding the intracellular protein crystallization date far hack and. 
in. some respects, differ from a case ascertained and closely studied 
by the author, it seems justifiable to give a brief account here of this 
puzzling phenomenon. 


E. M., aged St. For several years, tinnitus in the left ear. For this reason, 
applied in May 19-48 at the Ear Clinic of the Solleftea Hospital (Hosp. rec. 
uum. 1894/48). Physical exam.: From the left tympanic membrane a granula- 
ting polypus projects, the size of a pea and resembling a tumor. Evulsion. 
Microscopic exam.: The surface of the polypous tumor is provided with an 
occasionally ulcerated, thin, squamous epithelial coat. Under the epithelium, 
a fairly broad zone of granulation tissue extends with masses of typical 
plasma, cells. Then follows a region with a fibrous connective tissue, rela- 
tively deficient in cells, that delimits the central parts of the tumor and 
consists of a faintly coloured tissue in alveolar arrangement (Fig. 1). The 
tumor cells arc fairly rich in cytoplasm, while the nuclei poor in chromatin 
are, as a rule, rounded or oval and vary but slightly in size. No mitoses are 
observed. The slender stroma is notably rich in sinusoid capillaries. The 
tumor conforms, as regards its histologic structure, to the type of middle ear 
tumors referred to under the name of »tumor of carotid body type« and 
t escribed by LeComptc and coworkers, among others, being assumed to 
issue from tbe so-called glomus jugularis (Gvild).*) 


tim?nt account of the tumor will be given in another connec- 

uon b> Dr Nils 0. Berg, Lund. 
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In the beginning of June 1948, a new polypus had formed. It had ap- 
proximately the same localization and macroscopic appearance as the pre- 
viously removed one. The patient disclosed an effusion from a pei’foration in 
the anterior part of the tympanic membrane. Evulsion of the polypus. 
Microscopic exam.: The tissue has, on the whole, the same appearance as at 
the previous examination, though being more loose and rich in vessels than 
before. 



Fig. i. 

A section of the tumor showing its alveolar structure here and there. 

V. Gieson. X 250. 


In the middle of June a radical operation was performed 
La^ge cell system filled with discoloured fluid. Along the the 

facial canal near the antrum, small polypi ei e e • nsmitted for 

middle ear was filled with granulations, some of which were transmtted^^^ 

patho-anatomic diagnosis. Microscopic exam.. On t , 

logic picture as at the previous examination. 

However, in the material first subjected to examinati , „f,,nndv 

markable finding is the occurrence of peculiar ^'®tinctly quadrate st gly 
refractive inclusions in some of the cells of the These 

cells are more or less enlarged, evidently, , j ^^kes up the 

to the size of the inclusions. In the cases where the 
greater part of the cell, the nucleus is seen to be flattened and piessec g 

the periphery of the cell. the 

The cells supplied with inclusions arc principally = e. in 

parts of the granuloma where the plasma cells are mos n inVlusions 

the subepithelium. At a closer study of the cells containing .jj 

and, consequently, essentially retaining their original struc , „i„snia 
observed that these cells have an appearance characteristic oi uib i 
cell. Thus, the nucleus of the cells is, as a rule, eccentrically ... 
a conspicuous border position of the chromatin and a perinuc ear 
in the basophile cytoplasm. 
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Fig. 2. 

A section of the granulation tissue sliowing a number of plasma cells 
provided with inclusions, v. Gieson. X 250. 



A. . ^ 

Azan-stained preparation with a number of nrotein rrv<;t nic nf • 
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Fig. 4. 

Some crystals one of which (the second from tlie left) has been cut approxi- 
mately parallel with one of the surfaces of the cube. v. Gieson. X 700. 



Fig. 5. 

Two crystals, the upper one viewed against one of the edges of the cube. 

V. Gieson. X 1000. 
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Tlie inclusions which arc strongly refrnclive ai'c on closer examination 
found to ho cubic. This is proved liy the fact, that inclusions sectioned in 
a plane parallel with one of the surfaces of the inclusion will always he 
CTuadratc. Their size varies within fairly wide limits. The smallest specimens 
will measure only 1 and the biggest will have a boi-der length of about 20 u. 
4ccurato measurements of a comparatively large number of inclusions show 
that about 50 per cent have a border length varying between 12 and IG ji. 

Generally, there is only one large inclusion in each cell, but a few .smaller 
ones in isolated cells. However, not even the biggest inclusions fill up the 
cytoplasm entirely, but only come in contact with the cell membrane at their 
corners, while this is otherwise separated from the surfaces of the quadrate 
by a thin layer of cytoplasma (Fig. 5). This contributes to the often rounded 
quadrate appearance of the cells supplied with inclusions, as observed at 
modoi’ate magnification in prei)arations stained with eosin or van Gie.'^on's 
solution (Fig. 2). 

From a polarimetric point of view, the inclusions do not disclose any 
anisotropia. However, since their refraction index exceeds that of the sur- 
rounding parts (= Canada balsam), they arc easily detectable also in un- 
stained preparations. 

As regards the staining, the inclusions have the following properties. At 
staining with hcmatoxylin-cosin they as.sumc a pale red lint, at van Gieson’s 
staining method a yellow one. In pla.sma coll preparations stained according 
to the Unna-Pappenheim method, they appear bluish-grcy-violet, with Congo 
rod they become pale red, and with azan intensely red. Weigert’s fibrin 
staining, finally, gave inclusions of a blue-hlacU colour, .-\myloid staining 
with methyl-violet was negative. Unfortunately, no material was available 
for fat staining or chemical analysis. 


Discu.s.sion. 

Since intracellular protein crystallization is no doubt a very rare 
phenomenon, it seems justified to make a closer study of the problem 
of whether the formations described here are actually to be interpreted 
as intracellular protein crystals. The following questions present them- 
selves : 

1) Are the formations intracellular? 

2) Arc they of a protein nature? 

3) What factors speak in favour of Ibeir crystal nature? 

Ad. 1. The question whether the presumed crystals are intracellular 
does not have to be further discussed. This is clearly evident from 
Figs. 4 and 5. Nor docs any doubt exist as to the particular type of 
cells m which they have formed, for, as already pointed out, the cells 
provided with the smaller inclusions disclose an appearance typical 
of the plasma cell. 

Ad. 2. That the inclusions arc of a protein nature is demonstrated 
y the outcome of the staining reactions. In a case like this it would. 
Of course, be of great interest to obtain a more detailed conception of 
le chemical nature of the protein. However, this is apparently not 



702 


possible by means of tinctorial methods. As shown by Apitz, con- 
cerning the question of the protein (paraproteins) in cases of pl'asrao- 
cytoma. it is not the chemical structure but the colloidal form of the 
protein that is decisive for the outcome of the staining reactions. 

Ad. 3. From a polarimetric point of view, no direct support is found 
for the crystal nature of the inclusions in the form of anisotropia. 
However, it has been pointed out earlier that the inclusions in this 
particular case are cubic. Accordingly, they belong to the regular 
crystal system (a crystal system with three equal axes perpendicular 
to each other). As to the crystals appertaining to this system, they do 
not manifest anisotropia. Thus, merely the cubic form of the inclu- 
sions, in combination with their strong refractive power, justifies their 
classification as crystals. 

The question now arises why cytoplasmic protein in this case 
changed to a crystalline form. Apparently, no definite answer can as 
yet be given. However, it should be borne in mind that the occurrence 
of the protein substance in a crystalline form is a criterium of its 
chemical purity. 

Cases with crystalline protein inclusions in plasma cells bring to 
the fore a number of problems of vital interest, particularly considering 
the relation of the plasma cell to certain pathologic protein substances 
of antibody nature. As early as in 1913, Huebschmann stressed the 
possibility that the plasma cell might have a capacity of forming 
antibodies. However, Bing & Plum were the first to ascertain the re- 
gular occurrence of hyperglobulinemia simultaneously with a more 
extensive proliferation of the plasma cell. Bjorneboe & Gormsen de- 
monstrated that, after immunization of rabbits with pneumococci, 
tiyperglobulinemia and plasma cell formation occurred at the same 
time in diverse organs. According to the last-mentioned authors, the 
connection between pathologic globuline and the plasma cell increase 
may be explained in three different ways : 

1 ) The globulin increase and the plasma cell increase have a com- 
mon cause, but are otherwise only parallel phenomena. 

2) The plasma cell formation is secondary to the hyperglobulinemia 
in so far as the latter stimulates the plasma cell formation, or the 
new-formed globulins are stored in the plasma or in their early stages, 
analogously to the condition manifested at the so-called thesauris- 
moses. 

3) The plasma cells form the globulins or certain fractions of 
them. 

The problem that in the present author’s case is most noteworth} 
is whether the occurrence of protein crystals is a manifestation of a 
protein-forming capacity of the plasma cell, or of a resorptive properly 
in these cells (thesaurismosis). The investigations performed by 
Asirid Fagraeus are of great value for an estimation of this matter. 



luitjnieiis (leinonstralod lhal rcliculo-ciulonu’lial coll oIcmiumiIs will, 
under cerlain exi)criiiionlal eoiidilions, produce anlil)odies and thereby, 
via so-called transitional cells and unmature plasma cells, transform 
into a cell type with tlie morj)lioIof'ic characteristics of tlie ])lasma cell. 
In the liftht of these observations, it seems exceedingly improbable lhal 
intra-celhilar crystalline protein is composed of protein resorhed in 
the cell. On the other hand, it is conceivable that the plasma cells 
(transitional cells, immature jdasma cells) in the preliminary sta.ues. 
for reasons unknown to us, were incapable of dischari’ing the antibody 

protein wliich was. therefore, stored intracellularly and possibly 

owing to a chemically uniform and jmre composition — there assumed 
a crystalline form. In that ease, the crystals may he sui)posed to con- 
sist of some kind of globulin. 

I'inally. the question may he asked whether the crystals described 
above are related to the so-c;dled Iltissell’s bodies wliich also appear 
in ])lasma cells and disclose the same tinctorial projierties as the 
crystals. However, no definite transition.al forms between the very 
sparse llusseirs bodies and the crystals have been ascertainable. 


Sttiiiiuan/. 

\ case of intracellular jirotein crystallization is reporti'd in a tumor 
deriving from the tympanic membrane, of a so-called -candid body 
lyiiC': (/,e Conijile and eoworkers). The crystals formed in typical 
^inflammatory^ plasma cells, generally one in each cell, are cubic 
and strongly refraeti\'e hut do not ilisclose any anisotropia. Their size 
varies within fairly wide limits, hut about half have a border length 
of between I t and 10 p. 'I'hey show the following tinctorial properties: 
.\l. staining with heiuatoxylin-eosin. tlu'.v assume a p:de red colour, 
with van (lieson's stain a yellow tint. In plasma cell ju-eparations 
stained according lo the I'nna-l’appenheim method, they become 
blnisb-grey-violet, and with azan intensely red. 'I'he amyloid reactifui 
with methyl-violet was negative. I'inally. W’c'igert’s fibrin stain gave 
the inclusions a hlue-hlaek colour. 

The author discusses the (piestion of whether the crystallization 
is a menifestation ol .a resorplive. so-called thesaurismotic i)roperty 
in the ])lasma cells, or of a protein-inaKlueing eajtacity in these cells. 
The ]H)ssibilily that a cliemically uniform structure in the intracel- 

Inlarly formed ])roteiu is the cause of this crvstallization is pointed 
out. 


Hl'.KF.ltHNCH.S 

K.: Vii'ciiow's .Ai'cliiv :!()(',, (i;!!, ]!)10. 
iln-fihr. i-foi (ini, Le p.,iiK IS, ;)()(. 1!I57. 
np/. J. <f- I'hnii. Ae(:i ih,hI. scaiid. Hi. H.T in;!7. 
At!.', rath. Vol. XX\’I. ' 
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vnnM KAPTEIN IF. WILIIELMSEN OG FIWES DAKrEIUOLOGJShh 
iNSriTUTT UNIVERSITY OF OSLO, OSLO. (CHIEF: PROFESSOR 
TH. TIIJ0TTA, M. D.) 


THE GROWTH CAPACITY OF CORYNEBACTERIUM 
DIPHTHERIAE GRAVIS, MITIS AND INTERMEDIUS 
AT HIGHER TEMPERATURES 

Hy Per Ociling. 

(Hoceivpfl for puhlicalioii .Tune 22n{l, 1959.) 

It was demonstrated by Wciloml and Lcinbrock (15)38) that C. 
(liphtheriac gravis was slightly more resistant against heating and 
disinfectants than mitis. All the 5 gravis strains examined were viable 
after 5 minutes in water hath at 56°. whereas the 5 mitis strains were 
dead and the intermedins strains took an intermediate position. No 
examinations of the capacity of the 3 tyjics to grow at higher tcinjic- 
raturcs than the optimum have been published. 


ExperimentnI. 

The optimum temperature for the cultivation of the dijilithcria 
bacillus is 36 — 37°. It also grows at 20° on ordinary media hut at that 
temperature the growth is more scanty and slow than under normal 
conditions, and the colonics loose their typical appearance. At 45° 
the diphtheria bacillus docs not grow, hut it was found to he a distinct 
difference between the growth capacity of the 3 types at higher tem- 
peratures than the optimum. These findings suggested a closer ex- 
amination on this subject, because the preliminary examinations in- 
dicated that this might he a reliable method by which the types could 
bo distinguished. 

The growth capacity of 6 gravis, 6 mitis and 2 intermedins strains 
were examined in an incubator at 45°, 44°, 43°, 42°, 41°, 40°, 
39° and 37°. From 24 hours old Locffler slants 1 loopfull of the con- 
dense water was simultaneously transferred to a tube with phosphate 
broth and a tellurite medium (Hoyle’s medium). 10 mm wide tubes 


47 * 
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Table I. 

The growth capacity of the 3 


Phosphate 


Strains 


44° 



43° 



42° 



41° 


1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

Mitis F 86 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F 371 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(+) 

F 397 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F 432 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F 4166 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F 4585 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Gravis F 132 

0 

0 

(+) 

0 

(+) 

{+) 

(+) 

(+) 

(+) 

0 

0 

F 133 

0 

0 

(+) 

+ 

(+) 

t+) 

+ 

+ 

(+) 

+ 

± 

F 134 

0 

0 

(+) 

0 

{+) 

t+) 

+ 

+ (+) 

+ (+) 

-f 

+ 

F 357 

F 364 

0 

0 

+ 

0 

(+) 

-p 

0 

(+) 

(+) 

-p 

( + ) 
"I" 

(+) 

+ 

(+) 

+ 

(+) 

+ 

( + ) 

( + ) 

+ 

+ (+) 

F 435 
Interra. F 3764 

0 

0 

0 

0 

+ 

+ 

-p 

+ 

+ -P 

(+) 

(+) 

+ 

{+) 

+ 

(+) 

+ 

(+) 

0 

(+) 

+ + + 

+ 

S 499 

0 

0 

0 

0 

0 

0 

0 

i 

± 

+ 

4 

Controls 37°: -t-4--l- 

Tlie results are read after 1, 2 and 3 days. 

The growth is 

graded from 0 

= no 


containing 8 ml phosphate broth rr-ere used. On each Hoyle plate 6 
strains rvere inoculated in sectors. At each 

controls were incuhated at 37”. The results were 2 »"« 

3 days. The temperature of the incubator was thoroughly con ro 

each new adjustment. 

It will be seen from table 1 that gravis is able to grow at higher 
temperatures than mills. At 44e 4 of the grav.s strains showed 
growth, and at 43° all 6 gravis strains were ab e to 
did 2 of the mitis strains exhibit a faint growth, and a „rnvis 

grew at 39°. Intermedins took an intermediate position betwe g ‘ ^ 

Ld mitis. Similar results were obtained on J Tt 

the growth started at a slightly lower temperature than m hr t-^^^ 

20° the growth was atypical, but no difference beh\e 
energy of the 3 types could be demonstrated. 

The pronounced thermo-lability of the mitis t^e ^^as 
low as at 37°, as well in phosphate broth as on Hoyle s m 
is therefore possible that the mitis strains whici ^5 ®° -mav have 
have been found to grow badlj' on tellurite media a / 
been particularly thermo-labile strains. 

40° was the temperature best suited for the division heb\een g 
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lyi)ps ill. liij,'li('r IpiniH'niUiri'.'i. 


hrolli cal la res 










1 

40=’ 

2 


1 

n 

c; 

i 

il i 

1 

2 

0 

0 

1 + ) 

(+) 

4- 

+ 4- 

4. 4. 

4. 

4. 4. 

4' 4- 4- 

4. .1 4. 

{+) 

0 


4. 

4- 4- 4- 

4. 4- 4- 

4 - 4 - 4- 

4 4- 4. 

4. J. 


0 

0 

0 

( + ) 

4 4- 4- 

4. 4- 

4- 4- 4- 

4. 4- 4. 

4- -i- -f- 

4. A . 4. 

(+) 

0 

i 

(4-) 

4- (4 ) 

4 - 4- 

4 - 4- 4' 

4. 4- 

4. 4. 4- 

4- 4- .4 

0 

0 

0 

0 

(4 ) 

4 . 

4- (4-) 

4. 4. 

4 - 4- 4- 

.4 .4 4- 

0 

0 

n 

0 

4. 

4. 4 - 

4. 4. 

-f-4- 

4- + 4- 

.4 .i. 4. 

^ ~ 


.J. 

4- 4- 4- 

4- 4- 4- 

-r *T* '}• 

4. 4. 4, 

4. ^ 4. 

4. 4 

“T *r r- 


-f-(i-) 

4 4- 

4- 4 

4- 4- 4- 

•f- *?• -f- 

4. 4. 4 

4 4 - 4- 

4 - 4- 

■r -i‘ 4“ 

+ (+) 

4. -i- 

-t- - 1 - 

4 4- 4- 

4- ^ 4. 

4 . 4. 4 

•f- 'f- 

4- 4- 4, 

4- 4. .1. 

4. 4- 4, 

+ (+) 

•f -I' 

4. -f. 

A . 4. 4. 

4- 4- 4- 

4 - 4- 4- 

A. .f -f- 

4. 4. 4. 

4- 4. 4- 

... -4 .4 

A. 4 . 


4- 4- 

4- 4- 

4- 4- 4- 

4- 4- 4- 

4. 4. ^ 

4. 4- 

.4 . i . .4 

4. .4 

4. X A. 

+ 

-j- 

4- 4. 

-t- 4- •• 

4. 4. 4. 

4. -i. .j. 

4. 4. 

.4 4. .4 

4. .4 4, 

-i- 


- 1 - 

4- 4, 

4- 4- -f 

4. ^ 4. 

4* 4. ... 

4. 4 . ^ 

4. 4. 4. 

.4 4. 


4- 

.4 

4(4-) 

4-f--) 

) 

4- (4 ) 

4- 4- 

-f- -r-r- 

4. .J. 


prowlli, to = .'Jlrntijr growth. 


and imlis, and iI,o resulls should he read after 1 day's ineuhalion. 
I’lirlher e.xammalions at this (ciniieralure eonfirined llie earlier rc- 
siills, but il was found to he certain individtud variiitions between the 
rcsii'lLs’ tcinj)eratnre iniglit give unreli.'ihle 

N'o difference was demonstrated in tlie resistance of the 1] tvpes 
against jihenol or active, normal guinett-pig serum, in llicir vialiilitv 
m old cultures or in their id.ility to grow in deep agar cultures 


JJisciission. 

nf n I’etween the growth capacity of the H tvpes 

Ins ho ' higher temperatures than the optimum 
grivis '"wlm thcrmo-lahile than 
slnins oro position. When the 

will nr '» P»iosj)halc broth al .10° for 2-1 hours gravis 

n’ethod^'; wdd^ llrn'ln ""t T’ undoubtedly a 

lions did hn ^ <*'‘^‘'u«uished. Further examina- 

7" ''^^ -....1 vanuli,,,. in ,o,„„cn..„re a i . 
dillcrenccs l.elween the strains might give unreliable results. 
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• t temperatures togOer «ian 
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Conclusions^^^^ inter- 
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from the state serum institute, COPENHAGEN 
(DIRECTOR: J. 0RSKOV, M. D.) 


THE FERMENTING POWER OF PNEUMOCOCCI 

By Erna Morch-Lxivd. 

(Received for publication March 10th, 1949.) 

An examination of the fermenting power of the pneumococci has 
been undertaken in Denmark at intervals of some years. In 1913 
Christiansen studied their fermentative effects on 22 sugars, poly- 
valent alcohols and glucosides, using Hiss’s medium (one part horse 
serum to two parts distilled water). The material consisted of 38 
pneumococcus strains: 23 from calves and 15 from man. All these 
pneumococci fermented glucose, galactose, fructose, mannose, lactose, 
sucrose, maltose, trehalose, raffinose, dextrin and starch. None of the 
strains fermented sorhitol, rhamnose, dulcitol, adonitol, mannitol, 
sorbose, perseitol or erythritol. Their behaviour towards inulin, cello- 
biose and salicin varied, and fermentations in the latter group were 
often late in appearing (3 to 12 days) whereas in the former they 
were observed within 24 hours. 

In 1937 Jurgens tested 112 pneumococcus strains on 31 carbo- 
hydrates. The strains were equally distributed over Tj'pes 1, 2, 3 
and Group X. He found that they all fermented glucose, galactose, 
maltose, lactose and sucrose, but that none fermented arabinose, xy- 
lose, dulcitol, sorhitol or inositol. Their behaviour as regards inulin, 
mannitol, melibiose and salicin varied. The latest reactions were on 
the fourth day; with the carbohydrates which were fermented by all 
the strains the reaction appeared on the first or second day. The 
author recommended plentiful inoculation of the fermenting tubes. 

In 1944 Langvad-Nielsen at the State Serum Institute studied the 
fermenting power of 137 pneumococcus strains belonging to 64 types. 
The tests comprised 12 sugars dissolved in Hiss’s medium (one part 
of ox serum and two parts of distilled water). As in the case of Jiir- 
gens he found that all the strains fermented glucose, galactose, lactose 
and sucrose, whereas none reacted with arabinose, xylose, dulcitol 
or inositol. Their fermenting power varied as regards inulin, mannitol, 
melibiose and salicin. The noncapsulated pneumococci fermented in 
the same manner as the homologous, capsulated strains. 
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Among publications abroad in recent years attention may be drawn 
to a work on pneumococcus fermentation by Viktorow, Semzoiva & 
Sinjuschina (1933). The material consisted of 88 strains of Types 1, 
2, 3 and Group X, which were tested against 22 sugars; the tubes were 
observed for five days. On the whole the results are in conformity with 
those of the other authors mentioned (Table 1). 


Own investigations. 

Since Langvad-Nielsen’s work was concluded 9 more types of 
pneumococcus have been set up at the State Serum Institute (Morch 
1944). With 151 strains belonging to all the 73 knowm types the 
author has again examined the question of the fermenting power of 
the pneumococci, with results as outlined below. 

Fourteen sugars were employed: arabinose, xylose, dulcitol, inositol, 
sorbitol, glucose, galactose, lactose, sucrose, maltose, inulin, mannitol, 
salicin and aesculin. On the whole, the same sugars were used as in 
Langvad-Nielsen’s work (with the exception of melibiose, wdiich was 
unprocurable), and the range was supplemented by the sugars sor- 
bitol, maltose and aesculin. 

The concentration of the sugars to be fermented was % (aescu- 
lin 0.2 %). The medium rvas Hiss's (one part of ox serum and two 
parts distilled water), and the indicator wms phenol-red: 


Ox serum 80 c.c. 

Distilled w'ater 160 c.c. 

Phenol-red 3 c.c. 


The medium was steamed for about one minute before the addition 
of the sugars, then tubed 2 cm. depth into narrow test tubes (inner 
diameter 9 mm) and steamed for 10 minutes. The final pH was 
about 8.0. 

Two drops of a young culture in serum broth rvere added to each 
of the 14 tubes and to a control tube with Hiss’s medium. The tubes 
were shaken and incubated at 37° C. for 5 days, being inspected daily. 
Only a distinct change of colour (red to yellow^ together with coagu- 
lation w'as reckoned as a positive reaction. Fermentation ended within 
five days and in most cases within 24 hours. The effectiveness of 
the inoculation w^as confirmed by subculture of the control tube. If 
the growih taken from the control tube 24 hours after the inoculation 
w'as poor, the fermentation test w'as repeated. 

An attempt was made to employ various sugarless media for the 
primary inoculating culture, but the growih of the pneumococci in 
such media w'as so slight, that even the inoculation of several drops 
of the culture into the fermentation tubes failed to produce growth 
in some of them. 
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It was therefore decided to make use of serum broth with a low 
content of glucose (l'’/oo). After inoculating with two drops of this 
culture there was in most eases a change of colour from red to orange. 
Init never to j’cllow or accompanied l)y coagulation. 

All the pneumococci fermented glucose, galactose, lactose, sucrose 
and maltose. With an inoculum of two drops all 151 strains fermented 
glucose, sucrose and maltose on the first day. With few exceptions 
lactose and galactose also fermented within 24 hours. One strain fer- 
mented lactose on the third day, and three fermented galactose on the 
2nd, 2nd and 3rd days rcs]icctivcly. 

None of the strains were able to ferment arahinosc, xylose, dulcitoi. 
inositol or sorbitol. Only some of llicm fermented inulin, mannitol, 
salicin or acsculin. 

Inulin was fermented by GO % of the strains, most of them on the 
first day (1st day: 84 %, 2nd day: 13 %). Twenty per cent of the 
strains were positive in mannitol, most of them on the 3rd and 4th 
days (1st day: 3 %, 2nd day: 20 %. 3rd day: 35 %, 4th day: 32 %, 
5th day: 10 %). Salicin was fermented by 71 % of the strains, mostly 
on the first and second days (1st day: 44 %. 2nd day: 30 %, 3rd day: 
12%, 4lh day: 8%, 5th day: 6%). Twenty-three per cent of tlie 
strains were positive in acsculin, 63 % on the first day. the rest within 
five days. 

Tnble I. 

Fernicntation Ileactions of Pneumococci. 


Author: 

Year 

No. of 
strains; 


Clirislianscn 

191,3 

i 38 

(lu-so-ml 

Viklorow cl at. 

1933 

j 88 

1 

du-il-so. 
ar and xy weak 
po.silivc. 

Jurgens 

1937 

112 

ar-xy-(lu-it-so 

Lungvad-Xielsen 

1914 

137 

1 

1 

ar-xy-du-it 

Morch 

1948 

1.50 

ar-xy-dii-il-.so 


Kcrmcnlation 



j noRiilivc or posilh-e 

gl-ga-la-siic-ma 

in 

sal 

gl-ga-la-siic-ma 

in: positive as a rule 
ml: 27 Uo i)osilivc 
sal: 820/0 » 

gl-ga-la-siic-ma 

in: 970/0 > 

ml; 470,0 S' 

sal: .590,0 J 

gl-ga-la-suc 

in: () 2 o/o > 

ml: 340,0 ! 

sal; 920,0 > 

gl-ga-la-suc-ma 

in: 1)00,0 > 

ml: 200/0 » 

sal: 710 0 ^ 

acs: 230/0 ) 


!! __ arabinose, xy = xylose, clu = 

^ ~ galactose, la = lactose 

sal = salicin, ncs = 


dulcitoi, it = inositol, so = sorbitol, gl = glucose 
sue -^sucrose, ma - maltose, in = inulin, mt = mannitol! 
"" — nesculin. 
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On comparing these results with those of previous authors we 
find agreement on the whole (see Table 1). It is agreed that all 
pneumococci ferment glucose, galactose, lactose, sucrose and maltose. 

Viktorow et al. state that arabinose and xylose are fermented 
slightly, and it was in conformity with this that in the great majority 
of the strains I observed an ability to change the colour of the medium 
to orange or yellow, but never to cause coagulation, and therefore I 
have recorded these reactions as negative. Jurgens and Langvad-Nielsen 
also label their reactions with arabinose and xylose as negative. It is 
generally agreed that dulcitol, inositol and sorbitol are not fermented. 

From his material of 38 strains Christiansen concluded that man- 
nitol is not fermented by pneumococci, whereas in conformity with 
the other workers I found that a number of the strains (20 to 47 %) 
ferment this sugar. All the authors mentioned find that inulin is fer- 
mented only by some of the strains. Jurgens found 97 % positive, 
whereas Langvad-Nielsen and I found 62 .% and 60 % positive 
respectively. Neufeld & Schnitzer (1928) state that inulin can be used 
in the differential diagnosis behveen streptococci and pneumococci, 
though they add that not all pneumococci are able to ferment this 
sugar. For salicin the authors in Table I give 59 to 92'% positive 
strains; I myself found 71 % positive. 

The fermentation of aesculin was studied by me, but not by the 
other authors mentioned. 

Winkle (1947) in his table shows that aesculin is not fermented 
by pneumococci. He also states that salicin is not fermented, which is 
contradicted by all the other authors referred to above. Mannitol is 
also given as negative. Winkle’s statements are taken from various 
publications, and are not based on studies of his own. It is ufortunate 
that he does not mention from which works he obtained these figures. 

In the course of the present investigation I went into the question 
of whether the fermenting power of a strain can be improved by 
subculture. Seven pneumococcus strains were subcultured daily in 
serum broth, five times in all. Three of the strains w'ere salicin- 
negative before, but salicin-positive after the experiment; three more 
strains remained unchanged against salicin, whereas one was salicin- 
positive before, hut salicin-negative after the subcultures. Similar 
changes were observed with mannitol; three strains became mannitol- 
positive, whereas the others did not change. One of the strains became 
able to ferment inulin. Strain 25 Lederle, w'hich fermented galactose, 
lactose, sucrose and maltose on the 4th — 5th days, could ferment them 
within 24 hours after subculturing. In other words, cultivation m 
serum broth may in certain cases increase the fermenting power o 
the strains. If I had taken the trouble to make a similar series of 
subcultures with all the tested strains before the fermentation tests, 
the percentages for the strains fermenting inulin, mannitol, salicm 
and aesculin would doubtless have been higher. My material consisted 



exclusively of strains which had been stored for several years. In all 
probability, strains from freshly isolated material will prove to pos- 
sess a better fermenting ca])acity than these museum strains. 

I most cases, strains within the same ])nciimococcus type differ in 
their fermenting power (Table 2). 

Tabic 2. 

Fcrmont.'Uion Reactions of Pnoinnococci. 

Types 1, 2, 3 and Groups C, 10 and ID- 

^ 

Pneinnoeocciis 


type strain ! Acsculin Iniilin Mannitol Salicin 


1 

N’etifcld 







1 

Nell fold R 

— 

-i- 1 

— 

— 

1 

Ledcrlo 

-- 


— 

-T’ 

1 

.519/13 

— 

-- 

— 

“T- 

1 

.519/43 41 X300 

— 

— 


— 

2 

Ledcrle 

— 

— 

~ 

— 

2 

M .57 

— 




2 

.529/43 

— 


— 

J-I 

3 

Xo. 2 

, 1 

.i-l 



3 

.Icrscy 

— 


— 


CA 

Nr. 34351 

-i-T 

i 

— 

-j.i 

GA 

I'iorclli 

1 

— 



6A 

Ledcrle 





-1.1 

GB 

753/39 


— 



j.i 

GB 

2G1C/39 

— 

— . 





10 

No. 343.5.5 


— 

— 


10 

01 1 S/39 

— 


— 



lOA 

Reilly 

•-* 

-T 1 




lOA 

10001/38 

, 1 

-L J 



19 

Ledcrle 

— 




19 

No. 34304 


— 

■r 

“T" 

49A 

977/39 

— 

+ ' 

— 


19A 

1777/39 

— 

+ ' 

. — 

4-' 

19B 

5928/39 


1 1 


1 •> 
-f-- 

19C 

7.5SS/40 

— 



-j-.* 

19(: 

408/41 

— 

— 


+- 


~ no fermentation. 

ferniontafion on tbc first day; the nuinl)or indicates tlie day wlien the 
reaction became ])Ositivo. 

The tbred strains of Type 1 (1 Neufcld, 1 Ledcrlc. 1 519/43) have 
different fermenting power, hut Pn. 1 Neufekl and the corresponding 
non-capsulatcd strain (R-form) Pn. 1 Neufcld R give the same fer- 
mentation results. Afler 300 subcultures in serum broth at 41 C. the 
strain pn. 1 519/43 had lost its power to ferment salicin. but was still 

able to ferment glucose, galactose, lactose, sucrose and maltose within 
hours. 


Three strains of Type 2 ah ferment differently, and two strains 
of Type 3 have given different resnlls. The other pneumococcus types 
reveal a similar behaviour. Nor is there any uniformity within* the 
various pneumococcus groups. Only one group (Group 10) shows a 
conformity between the serological types (Types 10 and 10 A) and 
the fermenting reactions (Table 2). Whether this will hold good for 
a greater number of strains is open to doubt. In Table 2 I have included 
Groups 6 and 19 as examples of pneumococcus groups in which there 
is no conformity between the serological types and their fermentation 
reactions. 

Thus on the w'hole I have found no agreement between the sero- 
logical types and their fermenting power. Whereas the type characters 
of a pneumococcus depend upon the capsular antigens present, its 
fermenting pow'er presumably depends upon conditions in the bacteria! 
body. 


Summary, 

The author has tested 151 strains belonging to 73 pneumococcus 
types for their fermenting power on 14 sugars. The results are com- 
pared with those of earlier authors. 

All the strains ferment glucose, galactose, lactose, sucrose and 
maltose. None of them ferment arabinose, xylose, dulcilol, inositol or 
sorbitol. Their behaviour as to inulin, mannitol, salicin and aesculin 
varies; 60, 20 71 and 23 % respectively of the strains ferment in these 
four media. Subculturing may improve the fermenting power. No 
correlation between serological type and the fermentation capacity 
could be demonstrated. 
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STAINING OF HUMAN BONE MARROW AFTER 
DECALCIFICATION 

By Harald K. Krislcnscn. 

(Received for publication Afarch 21sf, 1919.) 

It is generally realized that decalcificalion with 5 % nitric acid 
prevents granule staining of the cells of the bone marrow. In this 
respect Custer’s announcement (1933) of a mixture of 85 % formic 
acid and 20 % sodium citrate was a progress. This author stated that 
decalcification for 6 hours usually was sufficient for a hone button 
of about 1 cm. in diameter. Furthermore the tissue might he left over- 
night without destroying the staining quality of the cells. 

The above named method was used by Harald Gormsen in his 
thesis (1942), Gormsen wrote that this method of Custer’s allowed 
him to decalcify some mm, thick plates of cancellous hone in 2 — 4 
hours and moreover allowed good staining results, even by means 
of azure cosin. 

Meanwhile Lillie (1944) still found problems in combining rapid 
and satisfactory dccalcification and satisfactory Romanowslcy staining 
of hone marrow. Due to this IJllie studied the effect of immersion for 
varying periods of time in various decalcifying agents on Romanowsky 
staining of rabbit marrow removed from the long hones. Even treat- 
ment for a short period of lime with 5 % nitric acid or 5 % sulforous 
acid seriously impaired marrow staining with cosin azure stains, pro- 
ducing a diffuse oxy])hiIia of nuclei as well as of cytoplasm. 

As Lillie believed that the injury to marrow staining might be 
controlled by regulation of the initial pH of the fluids, series of 
butfered mixtures of formic acid were made. 

Buffered sodium citrate formic acid mixtures with initial pH above 
3.0 decalcified cortical bone slowly, hut permitted good marrow 
staining even with several day’s exposure beyond apparent decalcifi- 
cation. 

Buffered formic acid solutions with initial pH about 2.5 decalcified 
more quickly, but showed tendency to impair marrow staining and 
were generally found no better the 5 % aqueous formic acid. 
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Buffered acetic (pH 3.4 — 4.6) is a relatively insufficient decal- 
cifying agent. 

Trichloracetic acid is a good decalcifying agent but on account of 
the high molecular weight more is required. Moreover the cost is rather 
high. 

Nitric acid and sulfurous acid decalcify promptly but the first as 
promptly spoils Romanowsky staining and the second tends to do so 
if decalcification takes two days or more. 

Decalcification investigations with the purpose to find a method 
which allowed gallocyanin staining of the Nissl-substance of internal 
ear ganglion cells made me perform some investigations of bone mar- 
row decalcification. The primary result was that the organic acids, 
specially the trichloracetic acid, were best whereas the strong and 
middle strong inorganic acids gave bad staining results. 

Investigations on the influence of decalcification upon nucleus 
staining by means of gallocyanin showed that mixtures of formic acid 
and sodium formiate with pH 2.2 — 3.8 gave comparatively quick de- 
calcification without damaging the nucleus staining. 

After this it was natural to examine the influence of these mix- 
tures upon bone marrow staining. For this purpose was emploj’ed 
human ribs which at once after the removal were fixed in fresh made 
Kaformacet (5 % potassium bichromate, 425 cc — 40 % formalin, 
50 cc. — 96 % glacial acetic acid, 25 cc, — distilled water, 500 cc.). 
After fixation for 24 hours and washing in tap water for 24 hours 
6 — 8 mm, thick pieces were sawn out. 

These rib pieces were put into ten various mixtures of 1 N, 2 N, 
4 N and 8 N formic and 1 N sodium formiate (highest pH 3.8, lowest 
pH 2.2). The rib pieces were suspended in the acid mixture by means 
of a thread in order to make the diffusion of the calcium salts easier. 

The following scheme shows the decalcification times: 


No 

pH 

Time 

1 

3.8 

about 5 daj’s 

2 

3.5 

» 3% day 

3 

3.2 

» 3 days 

4 

3.35 

» » 

5 

3.25 

» » 

6 

2.85 

» 2 days 

7 

3.0 

» 11/2 day 

s 

2.7 

» 30 hours 

9 

2.3 

» 24 » 

10 

2.2 

» 18 » 


The bone pieces were washed in running water for 24 hours, trans- 
ferred to increasing strengths of alcohol, to xylol and paraffin (mel- 
ting point 56° C.). 
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The blocks were cut in sections of about seven micra in thickness, 
and mounted on slides. 

After removal of paraffin staining took place in: 

Bohmers hematoxylin 

Einarsons gallocyanin 

Maximows buffered azure eosin. 

Staining with hematoxylin showed the nnclei sharp with chroma- 
tine of blue or black blue colour. The mature red blood cells were 
practically unstained. No difference could be seen in preparations from 
various acid mixtures. 

Gallocyanin staining showed the nuclei as sharp and nearly as 
intense as after the hematoxylin staining. The red blood ceils were 
completely unstained. Neither here any difference was seen in the 
various preparations. 

The azure eosin staining was a slight modification of the Maximow 
method. The following solutions were used; 

Solution I: Eosin 1 gram 

Distilled water 1000 cc. 

Solution II: Azure 1 gram 

Distilled water 1000 cc. 

Just before the use a mixture was made of: 

Solution I, 10 cc. + 100 cc. buffered water and 
solution II, 15 cc. + 100 cc. buffered water'). 

The following procedure was employed: 

1) Stain in the above mentioned stain mixture for 24 — 48 hours. 

2) Quick rinsing in buffered water, 

3) Half a minute in acetic acid -water (a few drops of acetic acid 
to 200 cc. distilled water). 

4) 96 %, 100 %, 100 % alcohol, half a minute in each. 

5) Toluol, 3 changes and at least 5 minutes in each. 

In the acetic acid water red stain goes off, in 96 % alcohol blue 
stain goes off. Control under the microscope. 

When this schedule is followed uniform and excellent staining 
results are found and it makes no difference if the preparations are 
decalcified in formic acid sodium formiate mixtures of various acidity. 
Therefore the most fast decalcifying mixture (equal parts 8N formic 
acid and 1 N sodium formiate) is recommended. 

In the preparations all shades between brilliant red and blue are 
represented. 

The staining and the sharpness of mature and immature cell forms 
Avas practically as succesfull as in fine smears. Specially the granules 
of the eosinophile granulocytes were found distinct and brilliant red. 

Overdecalcification made no influence upon the stain quality. 


') Buffered water made of 10 cc. buffer solution (equal parts of primary 
ana secondary potassium phosphate solutions) and 100 cc. distilled water. 
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Summary. 

During some decalcification investigations a decalcification method 
based upon the decalcifying effect of a mixture of formic acid and 
sodium formiate was brought forward. The principle of the method 
is comparatively rapid decalcification in spite of rather high pH. The 
method allows excellent staining with hematoxylin, gallocyanin and 
buffered azure eosin. 
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A NEW SALMONELLA TYPE (S. TINDA) FROM 
THE BELGIAN CONGO 

By /•'. Katiffmanii niid P. G. Jaiixscns. 

(Received for public.ition Marcli 29lli, 1919.) 

This culture was isolated in Banihu in 19-lG from tlic water of a 
spring in Camp Tinda and sent to Copenhagen for diagnosis hy Dr. 
Courtois, Blukwa, Congo Beige. 

The biochemical behaviour of this new type is as follows: No 
fermentation of adonitol, lactose, salicin and sucrose. No production 
of indole and no liquefaction of gelatin. Ra])id fermentation of ara- 
hinosc, dulcitol, glucose (with gas), inositol, maltose, mannitol (with 
gas), rhamnose, sorbitol, trehalose, and xylose. Positive reaction in 
Stern’s glyccrolfuchsin broth, and formation of H;S. Prompt growth on 
Simmons’ agar containing glucose and sodium citrate. Positive reaction 
in d-tartratc, 1-tartrate, mucatc, and sodium-citrate after 1 day; 
negative reaction in i-tartratc after 14 days. 

Serologically the type has the formula I, IV, XXVH, XII: a: c.n.Zjj, 
i. e. a type with a — )5 i)hasc-variation. 

Cross-absorptions showed that the O antigen I, IV, XXVII, XII is 
identical with the O antigen of S. bredeney, the H antigen a with the 
H antigen of S. paratyphi A, and the H antigen with the H 

antigen of S. potsdam ])hasc 2. 


Summari). 

The authors dcscrihe a new Salmonella type from the Belgian 
Congo: S. tinda = I. IV, XXVII, XII: a: e,n,z,,. 


AS 
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LACTOBACILLUS BULGARICUS AS TEST ORGANISM 
IN PENICILLIN AND STREPTOMYCIN ASSAYS 

By G. Tunevall. 

(Received for publication April 7th, 1949.) 

Staphylococci, streptococci and klebsiellae most commonly nsetl 
as test organisms in penicillin and streptomycin assays need for their 
development at least 18 hours. Especially streptomycin treatment ought 
to he rapidly adjusted according to frequent determinations of the 
streptomycin content of blood or other body fluids in order to keep 
an adequate concentration. So, a rapid method for assays making pos- 
sible to avoid one day’s delay should mean an important help in the 
control of antibiotic treatment. 

As described in 1947 by Sanchez & Lamensans (1) Lactobacillus 
bulgaricus in skimmed milk at 45'> C develops in 2% hours, in the 
same time bringing about coagulation of the medium. These activities 
are inhibited by small amounts of commonly used antibiotics. In 1948 
the same authors (2) designed a method for rapid assaj's of penicillin, 
streptomycin and tyrothricinc by use of L. bulgaricus. A simple modi- 
fication of this method has been used in our laboratory for determina- 
tion of the penicillin and streptomycin content of blood and other 
body fluids. 

As test organism for penicillin a strain of L. bulgaricus is used, 
isolated from commercial Yoghurt milk. Strains obtained from several 
tj'pe collections presented less favorable properties than the commer- 
cial strain which is very rapidly growing, brings about a complete 
coagulation and is sensitive to 0.007 I. U. penicillin per ml of the 
medium. This strain however is fairly resistant to streptomycin. 

In streptomycin assaj^s a strain is used which was kindlj' put to 
my disposal by D rs Sanchez and Lamensans. The strain is sensible 
to 0.5 W. U. streptomycin per ml medium but less sensible to penicillin 
than the commercial strain. 

The test strains are maintained by adding 0.1 ml culture to 10 ml 
skimmed milk (autoclaved at 115° G for 5 minutes) and incubating 
the mixture at 45° C until coagulation is complete (2% — 3% hours). 



PENICILLIN 
Fluid to be tested. 
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STREPTOMYCIN 
Fluid to be tested. 
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■pj’BpU'BJS 


3,3 — 4,7 
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The cultures may be stored at + 4° C for one week but to make sure 
of rapid growth daily recultivations arc to recommend. For the assays 
a mixture of 2.5 ml culture and 100 ml skimmed milk is made up 
and shaken with glass heads to ensure a homogenous mixture. All 
procedures may he performed without any consideration to sterility. 

Titration. 


Penicillin: 


Standard series: Tube nr. 

. 1 

2 

3 

•i 

5 

6 

Penicillin standard 0,06 I. U./ml 


0,5 

1.0 

— 

— 

— 

■ 

Saline solution 


— 

0,5 

0,5 

0,5 

0,5 

0,5 

1 ml is passed from 2 to 3, 

from 3 to -1 and so on. 


1,0 

1.0 

Culture-milk mixture 


1,0 

1,0 

1,0 

1,0 

Final penicillin content I. U./ml. 


0,020 

0,013 

0,009 

0,006 

0,00 i 

0,003 

Test series: Tube nr. 1 

2 

3 

.t 

5 

G 

7 

8 

Fluid to be tested 0,5 

0.5 

— 

— 

— 

— 

— 

— 

Saline solution — 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 ml is passed from 2 to 3 

, from 3 to -1 and so on. 




Culture-milk mixture — 1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

Final dilution 1/3 

1/6 

1/12 

l/2i 

l/.iS 

1/96 

1/192 

l/38i 


Incubation in 45° C water hath is performed until coagulation is 
complete in a control tube withoiit penicillin and then for additional 
15 minutes (about 2V1> hours). 

Reading: Complete coagulation is characterized by the milk hecing 
converted into a solid coagulate from which a small amount of clear 
supernatant is separated. If the last tube not completely coagulated 
presents solid or semisolid milk hut no supernatant this tube is taken 
as representing the end point. If this lube is completely or partially 
fluid, the end point is considered to lie between that luhc and the 
first one presenting complete coagulation. 

Calculation is readily made by use of table 1. 


Streptomijcin: 


Standard series: Tube nr. 1 2 

Streptomycin standard .3,2 W. U./inl, ... 0,5 1,0 

Saline solution — 0,5 

1 ml is passed from 2 to 3, from 3 to -i and so 

Culture-milk mixture 0,5 0,5 

Final streptomycin content W. U./ml 1,6 1,1 


3 

.{ 

5 

6 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,7 

0,5 

0,3 

0,2 


Test series: Tube nr. 1 

Fluid to be tested 0,5 

Saline solution — 

0,5 ml is passed from 2 to 3 

Culture-milk mixture 0,5 

Final dilution 1/2 


2 3 4 

5 

6 

7 

8 

0,5 — -- 

— 

— 



- 

0,5 0,5 0,5 

from 3 to 4 and 

0,5 

so on. 

0,5 

0,5 

0,5 

0,5 0,5 0,5 

0,5 

0,5 

0,5 

0,5 

1/4 1/8 1/16 

for penicillin. 

1/32 

1/64 

1/128 

1/256 
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The accuracy of the method. 

Standard solutions containing 0.03, 0.09 and 0.27 I. U. penicillin 
per ml were prepared in saline solution and in normal human serum. 
On three consecutive days 3 assays were made daily of each saline 
standard and 6 assays of the serum standards. In all 81 assays were 
performed. If the known penicillin content of the standards are pul 
100, the results were as follows: 


Saline standards 96 + 14.6 

Serum standards 107 + 21.2 

All standards 104 + 19.3 


The mean values do not differ significantly, nor do the standard 
errors. So, no inhibitory effect of human resum could be demonstrated. 

In the same way determinations were performed of streptomycin 
standards containing 1.5, 4.5 and 13.5 W. U./ml. The results were the 
following: 


Saline standards 97 + 12.8 

Serum standards 107 + 16.8 

All standards 105 + 15.1 


These mean values and standard errors indicate no effect of the 
serum. 

Further, serum from 33 patients receiving penicillin were titrated 
parallelly by use of Fleming’s method (3) with a staphylococcus 
(strain 209 p) as test organism and bj' the L. bulgaricus method. If 
the values of the Fleming method are put 100, the distribution of the 
L. bulgaricus values is represented by the figure 103 + 25.1. The dif- 
ference between the values of the two methods is insignificant. 


Summary: 

By use of Lactobacillus bulgaricus penicillin and streptomycin as- 
says can be performed in about 3 hours with sufficient accuracy for 
clinical purposes. Infected or contaminated body fluids may be used. 
A simple method for the assays is deseribed and the errors of the 
method are calculated. 
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STATE SEBUM INSTITUTE, COPENHAGEN (DIRECTOB: J. 0RSKOV) 


BACTERIAL MUTATION WITH CAFFEINE 

By J: Orskov. 

(Received for publication April 19th, 1949.) 

The minor investigation to be described in the following was the 
outcome of impulses received partly from works by Niels Fries & 
Bengt Kihlman^ and Bengt Kihlman & Albert Levan-, and partly from 
earlier works on the remarkably selective, morphogenetic influence of 
caffeine on bacteria of certain kinds®. Gamalija, by the way, seems 
to have been the first to show (about the beginning of the present 
century) that in nutritive media caffeine has this curious effect on the 
morphology of these bacteria. My own previous experience had shown 
that, when present in suitable concentrations, caffeine has a strongly 
inhibitory action upon the ability of bacilli to divide, especially gram- 
negative species, causing them to grow out into long threads, often 
with very remarkable spindle-shaped and globular swellings. As long 
as these bizarre elements are still relatively young and their proto- 
plasm is homogenous, thej' arc mostly capable, when transplanted to 
other media without caffeine, of growing and producing fairly quickly 
what we call normal growth forms again. When allowed to remain 
on caffeine medium for some time the protoplasm undergoes changes, 
becomes granular and vacuolized, and such forms, to an increasing 
degree according to the intensit 3 ' of the changes, lose their abilitj' to 
grow on fresh media. 

The bacterium selected for these experiments, one taken from a 
soil sample, is a non-motile, gram-negative, capsulated bacillus which 
when growing normal^' often lies in pairs, for which reason one is 
tempted to call it a diplobacillus, and ferments all the usual sugars 
and is extremely moderate in its nutrition requirements, for example 
growing to visible colonies on aqueous agar without the addition of 
extra nutritives. It grows well at both 37° and room temperature, at 
the latter of which most of the experiments were made. In the presence 
of glucose and saccharose the colonies become ver 5 ' slimj', caused 
partly by the extra-cellular formation of polysaccharides. The mutants 
or variants described below were never observed under normal con- 
ditions of growth. 
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Ail morphological examinations were made by direct agar micro- 
scopy^; a cube of the agar is cut out, placed upon a slide, whereafter 
examination can be made at all magnifications commencing with a 
low-power dry lens, ending with oil immersion after a cover-slip has 
been placed over the preparation. One works most conveniently with 
large slides and cover-slips. Ideal illumination is of importance, and 
in this excellent working conditions can be secured with the Leitz 
Ortholux; ail examinations were made with that microscope. When 
cultivating from very small colonies not clearly distinguishable with 
the naked eye, seeding wms performed with the aid of a primitive 
micromanipulator, with wdiich the seeding procedure can be followed 
direct under the microscope. 

If this microorganism is cultivated in Petri dishes on the surface 
of e. g. an agar with 3 % broth and Vz % caffeine, all rods grow out 
into long, twisted threads without lines of division, and very soon there 
appear the aforesaid curious swellings and globules ; after a few days’ 
growth the degeneration of the protoplasm begins and growth ceases. 
Fig. 1. 



3 % broth and % % caffeine. 

Oil Apoclu'omat GO (0.85). Ocular 10 X B. 

Then, in the best of cases, after a fe%v days’ growdh there 
scattered small colonies consisting of bacteria that are capable o i- 
viding in the normal manner, except that the process is exceeding y 
slow. Sometimes it takes many daj^s for the colonies to become so large 
that they can just be discerned with the naked eye in the most fa^ cur- 
able illumination. On subculturing from these dwarf colonies to me la 
wuthout caffeine one obtains a pure culture of bacteria having a per- 
fectly normal appearance, but distinguished by growing infinite y 



slower than the »mother« bacillus; even on what we would call a good 
broth agar, on which one of the original bacteria grows into a large, 
rich colony in the course of 24 hours, in the case of the variant it is 
days before one can just see the colony grown from a single bacterium. 
Evidently the variant has lost one or more properties while on the 
caffeine medium. At the same time it has acquired an ability to divide 
in a regular, if slow, manner on caffeine medium, an ability which it 
retains but without any noteworthy increase in its resistance to caf- 
feine in stronger concentrations. Parenthetically I may add that the 
addition of e. g. glucose causes no great increase in the velocity of 
division. 

But if the small, slowly growing mutant is transplanted e. g. to 
a 30 % ascites agar or 10 % blood agar, it will grow almost like the 
»mother« bacillus. In other word, ascites or blood must contain sub- 
stances that fill the »gap« caused by the mutation. 

It was an obvious idea to try the effect of adding amino acids to 
a medium, such as a good broth agar, and a primitive test with the 
available amino acids showed that some of them, especially cysteine 
and cystine, could practicallj' even up the difference in growth between 
the original bacillus and the mutant. 

The experiment was a rough one, a broth agar being seeded dif- 
fusely with the mutant, whereafter a small dro]) of amino acid so- 
lution (with cysteine and cystine usually saturated ) was sprinkled upon 
the culture. Later on a similar addition of cysteine was tested on 
aqueous agar (Fig. 2 and 3), and here again, with a centrally placed' 



drop diluted 1 : 5, there was growth just as vigorous as the mother 
bacillus can show without cysteine (which, be it noted, had nO' 
stimulating influence on the mother bacillus). This cysteine effect, 
which naturally was most pronounced at the centre of the dish where 
the drop was placed and the concentration highest, in the course of 
a couple of days at room temperature had very obviously reached 
right out to the edge of the Petri dish 5 — 6 cm. from the centre, though 
the concentration there must have been extremely low. Subculturing: 
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from both ascites agar and agar with cysteine constantly gives pure 
cultures of the slow mutant within the first few days. 

The table shows the effect obtained with the various amino acids. 
Naturally, the strongly acid compounds were strongly inhibitive where 
the concentration was highest, but they had an easily distinguishable 
effect outside the sharply delimited zone of inhibition. 


Table. 


1. 

dl-Alanine 

0 


2. 

I-Arginine-HCL 

-h 


3. 

1-Aspartic acid 

0 

(centrally inhibitive) 

4. 

1-Cysteine-HCL 


(centrallj' stronglj’^ inhibitive over wdiole drop) 

5. 

1-Cystine 


mo central inhibition) 

6. 

dl-3,4 Dihj'droxy- 




phenylalanine 

0 


7. 

1-Glutamic acid 

-h 

(central inliibition) 

8. 

Glj^cine 

0 


0. 

1-Histidine-HCL 

0 


10. 

1-Hydroxyproline 

0 


11. 

dl-Isoleucine 

(+) 

(slight central inhibition) 

12. 

1-Leucine 

0 


13. 

dl-Lysine-HCL 

0 


14. 

dl-Methionine 

0 


15. 

dl-Norleucine 

0 


16. 

dl-Phenylalanine 

0 


17. 

1-Proline 

0 


18. 

dl-Serine 

0 


19. 

dl-Threonine 

({■+)) 


20. 

l-Tryptophane 

((+)) 


21. 

1-Tyrosine 

0 


22. 

dl-Valine 

0 



It remains to say that the mutant possesses a distinct tendency to 
mutate back to growth forms which in their colonies are morphologic- 
ally like the initial strain. These mutants arise on all media most 
easil5' seen in media that are »insufficient« for the mutant, readily 
recognizable for instance on broth agar, and are divisible into two 
sharply separate types: one, the most common, which grows at a rate 
that lies between the original and the slow and whose colonies never 
attain to the size of those of the mother bacillus, and a rarer type 
which is indistinguishable from the latter. Cysteine also has a certain 
influence on the growth of the »intermediate« type. When suitable, 
supplementary growth conditions are provided for the slow mutant, 
it ferments a number of sugars in exactly the same Avay as the »inter- 
mediate« form and the mother bacillus. For the purpose of obtaining 
clearer evidence if possible of the effect of pure cysteine on the grovt i 
of the mutant I had a fluid synthetic medium prepared as describee 
by Henderson & SnelP, except with the omission of the vitamins, 
purines and amino acids. The medium otherwise was composed as 
follows, with and without 1-cysteine. 



S7j7ilhclic mcd'uttti A. 


Component Quantity per 10 ml. tube 

mp. 

Glucose 200 

Sodium citrate 200 

Sodium acetate 10 

Nil, Cl -‘lO 

K„liPO, 50 

I\IgSO, • 711,0 8 

Peso, •7M..6 O.i 

NaCl 0.1 

MnSO, -711,0 1.0 

The medium was adjusted to pM 0.8. 


Synthetic medium Ih 

Like Medium A hut plu.s 2 mg. l-cy.steine per tube. 


The result was that the mutant grew splendidly at room tem- 
perature when the medium contained cysteine, and not at all without 
it. (My thanks to Mr. Vagn Mailer for preparing this medium). On the 
other hand, the mother bacterium grew well on the medium without 
cysteine, whereas the »intermediale« form grew fairly well, hut rela- 
tively slowly. 


Summary. 

When a gram-negative, ca])sulatc dijilobacillus cultivated from a 
soil sample and only very little exacting as to nutrition was suhcultured 
on a medium containing caffeine, its division was inhibited, as de- 
monstrated previously in the case of many gram-negative bacteria, and 
the bacterium grew out into long threads presenting the familiar in- 
volutivc picture. Mutants arose under suitable experimental conditions, 
able quite slowlj' to divicc and form small colonics. After pure cul- 
tivation- of these mutants it was found that they had become dis- 
possessed of part of the growth powers of the mother bacillus, mani- 
fested in extremely slow growth even on relatively good media such 
as broth agar. Cultivation on ascites agar or blood agar abolished the 
difference almost completely. Reseeding on poorer media was followed 
by renewed slow growth. 

The addition of certain amino acids, moi-e particularly' cy’sleines. 
almost completely' evened out the growth difference between the initial 
bacterium and the mutant. On a purely' sy'nlhclic medium with and 
without cysteine there was groAvth only' in the presence of the cy'stcine. 

The original bacterium is thus able to synthesize all the necessary 
amino acids and growth factors from simi)le inorganic substances, 
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glucose, acetic acid and citric acid while the mutant has lost the ability 
to synthesize cysteine. 

There was a distinct inclination to mutate back to the original 
form, manifested morphologically most frequently in an »inter- 
mediate« form of colony, less often to a form in which the colony was 
indistinguishable from the original. 

There wms no difference between the mutants and the mother form 
as regards the fermentation of the sugars tested. 

Lately my attention has been drawn to a work by J. O. Lampen, 
R. R. Roepke & M. J. Jones® \vho have examined mutants of coli bacilli 
caused by X-ray showing some resemblance to my caffeine mutant not 
being able to synthesize C3'steine. The most defective mutants required 
the addition of homocj'steine or menthionine, but svith these they 
would all grow\ 

We have examined our mutant, the intermediate back-mutant and 
the back-mutant not to tell from the original bacillus which also w'as 
tested using the basal medium plus respectively Na^SOg, Na2S, Na^SjO,, 
HSCH^COOH, HSCH^CHCNH^ICOOH = 1 -cysteine^ {S(CH,)2CH(NH,) 
COOH)^ = dl-homocystine, CH3SCH2CH2CH(NH2)COOH = dl-methio- 
nine and found that the mutant and the »intermediate« back-mutant 
could only groAV on medium containing 1 -cysteine while the back- 
mutant resembling the original strain just as this grew' fine on the 
basal medium without an3' addition. 
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ON THE SO-CALLED DOUBLE GRANULAR SYSTEM 
IN THE CYTOPLASM OF THE EOSINOPHILIC 
LEUCOCYTE 
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(Received for publication April 19lh, 1949.) 

It has long been known that the cytoplasm of the eosinophilic 
leucoc 3 'te contains »coarse, highly refringent, specific granules*^ In 
1865, Scbiiltze^ described two kinds of granules in the cytoplasm of 
living Icucocj’tes, one being more, the other less refractive than the 
surrounding medium. Recently', Wallgren has revived and extended 
this view. He has claimed that the pale and the dark granules are 
to he found, not onlj' in the cj’loplasm of leucocj'tes’’, hut also in the 
cytoplasm". ^ and in the nucleus®. ® of various blood, bone marrow, 
and tissue cells as well as in the Golgi apparatus of some secreting 
cells'. Wallgren points out »the stubborness with which the pale 
granules and the double granular substance has defied scientific re- 
search* and writes further: »They' (the granules) are evidently' a 
characteristic trait of the living substance in human cells and on this 
account great attention is due to them*. Saltzman-, in his studies for 
the M. D. degree, closely' associated with Wallgren’s findings, »cor- 
roborated without difficulty* the presence of the double granular 
system. 

From the point of view of the cj'tologist, Wallgren’s opinions 
seemed to be of interest. Tlierefore, a study was made of the nature 
of the granules in the eosinophilic leucocy’te. For in this kind of cell, 
»the mentioned drops are particularly large and thus more accessible 
for observation than in the other cell forms*". This paper presents the 
results of the re-examination. 


Material and Methods. 

The blood was obtained from a number of healthy' human subjects. 
A small drop from the finger tip was allowed to spread between the 
slide and the cover slip as a thin layer. Vital preparations thus made 
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were examined immediately by transmitted light. The heating of the 
microscope stage was found unnecessary because the characteristical 
movements of the leucocytes were continued long enough at room tem- 
perature. Some preparations were stained vitally with brilliant cresvl 
blue (Griibler). 

The Zeiss optical system was: an apochromatic oil immersion ob- 
jective 120 X, N. A. 1.30, compensation oculars 15 x or 20 x, binocular 
tube 1.5 X or 2.5 x, and an aplanatic condenser N. A. 1.40. With this 
system the resolving power of the microscope is about 0.21 micra.’) 
As a source of light Zeiss’s pointolite or low voltage lamp with con- 
denser were used. 

In addition, some model experiments were carried out with oil- 
wmter emulsions and with glass balls surrounded by fluids of different 
refractive indices. In the latter case the balls were examined by means 
of a camera with an opaque glass. 


Observations. 

If oil drops in water are observed under the microscope the image 
seen depends on the position of the microscope tube. When this is 
raised the center of a drop becomes luminous but if the tube is lowered 
the drop seems dark. On the other hand, water drops surrounded by 
cedar oil are conversely dark with the raised position and centrally 
luminous with the low' position of the tube. These circumstances are 
clearly demonstrated by Wallgren’s figures (figs. 1 and 2 in his 
paper*’). The model experiments with glass balls in different media 
show'ed further that, just as one wmuld theoretically suppose, quanti- 
tative changes in the refractive index of the fluid influence the picture. 
The first-mentioned phenomenon, used by Wallgren^ to prove the ex- 
istence of refringent granules in the eosinophilic leucocyte, seemed, 
howmver, to be accurate enough to decide qualitatively w'hether gran- 
ules in some medium are more or less refractive than it. 

Wallgren^’ ® suggests that the double granular system is clearly 
visible in the living eosinophilic leucocyte w'hen examined in trans- 
mitted light without changing the position of the microscope tube. 
By this means the cydoplasm seems, indeed, to be filled xvith luminous 
and dark granules in continuous movement. According to Wallgren 
the two kinds of granules distinctly^ differ from each other in con- 
sistence and in changes of shape etc. This is one of the principal 
arguments presented by him for the existence of the double granular 
sy’stem. The present author has not been able to confirme the dif- 
ferences. — In his optical system, Wallgren^ had an apochromatic 
objective with a numerical aperture of 0.85, and a filter of yellou or 
orange color, thus absorbing light rays of the shortest rvave-lengths in 

*) H = 0.61 X /N. A., ^ 0.5 micra. 



Fig. 2. 

The same cell after lieigliening the tube. The granules, which are dark sur- 
rounded bj’ a luminous zone in the figure 1, seem luminous with a dark zone 
ill the figure 2. The same phenomenon is distinctly visible in the erythrocytes, 
these being more retractile than the surrounding medium, also. Optical sy- 
steim Zeiss’s carbon-arch lamp with a Cu SO^-filter, aplanatic immersion 
condenser X. A. 1.40, achromatic objective X'. .A. 1.25, 100 X (Reichert), ‘Ortho- 
SKop ocularo 28 X (Zeiss), Contax, Agfa Tsopan ISS’ film. Magnification 

about 3000 x. 
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the visible spectrum. We may, therefore, suppose that the resolving 
power of his optical system was about 0.42 micra (= 0.6 X 0.6/0.85). 
The diameter of the largest, »dark« granules is only twice this 
magnitude order®. Thus, no very definite conclusions may be drawn 
regarding the shape of the granules. 

The problem in question is best studied in a living cell, either 
stained or unstained, which has spread itself to such a thin film 
that only one layer of granules is visible, at least in a part of the 
cytoplasm. When single granules are examined it will be found that 
every one behaves optically like drops refracting more light than the 
surrounding fluid. All the granules have a luminous center with the 
raised position and they are centrally dark with the low position of the 
tube while, on the contrary, none of them shows the reverse phenomen- 
on as would be expected if there were granules with a lower refractive 
index than the surrounding medium. In an individual granule, further- 
more, the black spot will ahvays be seen exactly below the pale one (not 
at the side of it as claimed by Wallgren^- ®). This is true, however, with 
correctly centered illumination only. If one examines the granules in 
oblique illumination they apparently change their position w'hen the 
tube is moved. If the granules are in layers above each other, some 
of them may seem pale and some of them dark, depending on their 
position below or above the optic plane of the microscope. In addi- 
tion, the lower layers change the direction of and refract the light 
rays before these reach the uppermost layer of granules. Consequently, 
very complicated optical phenomena are produced, not interpretable 
with the simple methods used here. Wallgren’s above-cited observa- 
tions have been made on cells with several layers of granules, how- 
ever. 

Lastly some preliminary observations may be mentioned. In a 
phase contrast microscope the granules of the eosinophilic leucocyte 
are dark and no other kinds of granules are visible. Regarding the 
nature of the granules it is of interest that, in unstained blood smears 
shortly fixed with heat, refringent granules are still visible after 
treatment with xylene, which dissolves the sudan-positive lipids. 


Conclusion. 

In the light of the above-presented facts, which may easily be 
confirmed by everyone who has a microscope with an immersion ob- 
jective, it is evident that all the visible granules in the cytoplasm of 
a living eosinophilic leucocyte are more refringent than the surround- 
ing medium. Thus no double granular system has been found in the 
object claimed to be most suitable for this kind of study. The existence 
of such a system in other cells, having smaller granules, seems there- 
fore doubtful. 



Summary. 

TJie cytoplasmic granules in the eosinophilic leucocyte have been 
examined in vital preparations. In the living cell, they are all highly 
refringent. The »double granular system«, recently defended by Wall- 
gren, seems to he an optical illusion.*) 
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writing of this paper, other cells of human peripheral blood 
tlircpt tissue cells of rat have been examined by means of 

coulcri)e’obLn-od^^*’ microscopes. No double granular system 
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ON THE DOUBLE DROP SYSTEM IN THE LIVING CELL 

By Ivar Wallgren. 

(Received for publication May 12th, 1949.) 

I have been given the opportunity of expressing my views with 
regard to an article in this issue, w'ritten by 0. Eranko. 

First, a correction: Eranko gives an incorrect description of my 
optical method, evidently owing to a misunderstanding. In transmit- 
ted light I have used Zeiss’ apochromatic objective H. I. 90 n.A. 1.3 K 
15 X or K. 20 x. The majority of the examinations were done without 
a stop filter. My optics are thus not inferior to those of Eranko. 

In an eosinophil cell Eranko observes, in transmitted light, both 
luminous and dark drops in the cytoplasm. »A11 the granules have 
a luminous center with the raised position and they are dark with 
the low position of the tube while, on the contrary, none of them shows 
the reverse phenomenon as would be expected if there were granules 
Nvith a lower refractive index than the surrounding medium«. 

Eranko bases his statement on Ivar Wallgren’s investigation with 
drops of water in oil and drops of oil in water. Eriinko does not take 
into consideration, however, that a drop, with almost similar index 
of refraction as the surrounding medium, gives only a very slight 
light-effect above or below the drop, in the microscope, depending 
on whether the index of refraction in the surrounding medium is lower 
or higher than in the drop itself. Thus, Eriinkd’s observation, quoted 
above, does not exclude the possibility of there being two drops, close 
together, with different indexes of refraction. 

Erdnko’s investigation concerns principally the eosinophile leuco- 
cyte in transmitted light. He thus used the same technique as 
Max Schultze did, more than 80 years ago. This eminent im’cstigator, 
one of the most prominent personages in the field of biological research 
in the middle of the past century, says that he has definitely (»un- 
zweifelhaft« ) seen two different kinds of granules in the leucocyte. 
It is hardly probably that such an experienced investigator would ha^e 
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fallen the victim of an optic illusion, possibly caused by an error m 
centering of the microscope. Schultze examined the living cells on a 
warm stage — and Eranko did not. It is true that a leucocyte moves 
in room temperature as well, hut the movements of the drops are more 
lively in heat. Hence it is not surprising that some details in the man- 
ner of movements of drops has escaped Eriinko’s eye. 

When the dark drops are shifted rapidly in the cytoplasm they 
may, for instance, he observed to take on a longitudinal, oval shape, 
the length becoming three limes greater than the breadth. The pale 
drops may become slightly elongated at the same time. The majority 
of the pale drops remain round, however. Cells, in which the dark 
drops constantlj' enter into contact with one another, by means of 
thread-like bridges, are observed. The pale drops are directly united, 
and later they split up into smaller drops. The viscosity of the dark 
drops seems to be less than that of the pale ones. All these details, 
which favour the ])resence of two different kinds of drops, have not 
been observed by Eranko. In my opinion this does not entitle him to 
assume that more ex])crienced investigators have not either been able 
to observe these phenomena. 

Eranko imagines that black and white are different optic expres- 
sions for the same drop, and every white spot is caused hj’ a dark 
drop being situated further down. If a living cosino])hil cell which 
has spread into a very thin laj’er on the slide is, examined, it is found, 
when the tube is adjusted to the most basal dark drops, that small 
pale drops become visible when the tube is raised just so much as 
to allow the basal dark drops to remain visible all the time. In this 
case there are no dark drops still farther down, and yet the pale drops 
are observable. Thus, Ercinko’s conception is not supported. 

In a granulocyte, vitally stained with brilliant cresyl-hlue, the dark 
drops become blue, hut the pale dro])s remain unstained. Also this 
circumstance suggests that there arc actually two different kinds of 
drops. 

The dark-ground microscope is a valuable adjuvant towards 
clarification of the question di.scussed, because a drop is luminous or 
optically void in dark-ground illumination, and no light-effect arises 
above or below the drop, as it does in transmitted light, or in the 
phase contrast microscope. In a great number of living cells from 
blood or hone marrow, small, slightly luminous drops are visible in 
the darkfield, and small dark gaps are easily discerned in their ad- 
jacency. The characteristic thread-like bridges between the gaps are 
also visible. Their identity is thus established. The dark drops appear 
in this humble manner in the darkfield. Eranko has not paid atten- 
tion to these observations. 

In a stained smear the neutrophil granules in a leucocyte are 
observed. If the same specimen is studied in darkfield illumination 
the stained neutrophil granules appear like small black grains hut 
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in close adjacency there are other luminous granules. Also in this 
case two different kinds of granular are visible, adjoining one another. 
This observation has eluded Erdnko as well. 

The eosinophil cell in darkfield illumination (Zeiss’ cardioid con- 
denser) is of great interest. Also here the dark drops are optically void 
and seem to be black. Adjoining the black drops, the pale drops are 
observed as small luminous balls. The dark drop is often surrounded 
by a luminous ring, the small luminous hall forming the »stone« of 
the ring. In a cell, observed in transmitted light, the luminous ring 
corresponds in order of size to a dark drop and its surrounding hj'alo- 
plasma. In the living cell, in darkfield, the luminous ring is often 
jerked forward. In transmitted light the dark drop, with surrounding 
hyaioplasma, makes a similar movement together with the pale drop. 
If a living eosinophil cell is crushed the dark drop, the hyaioplasma 
ring, and a small pale hall, as the »stone« in the ring, may be 
distinguished in a minute part of the coagulated cytoplasma. Thus, 
identical structures, with two kinds of drops, may be seen in the 
eosinophil cell under greatly varying conditions. These observations, 
which support the conception of the double drop system are unknown 
to Eranko. 

Studying an eosinophil cell in transmitted light, the dark drops 
seem to become pale when the tube is raised. In several parts of the 
cell the transition takes place symmetrically, hut an asymmetry is 
distinctly observed here and there in the same cell. Simultaneously 
with a black drop becoming white, as the tube is raised, a shift to 
the side occurs. I have shown this phenomenon, which implies that 
two drops are situated close to one another, to several experienced 
researchers, and our conceptions were found to he analogous — ^but 
Erdnko cannot see it. 

Erdnko says that only dark granules are visible in the eosinophil 
cell in a phase contrast microscope. I can see distinctly both dark and 
pale drops in the phase contrast microscope (Zeiss or Wild) in the 
same way as in transmitted light, but the contrast betrveen black and 
rvhite is more marked. Why Erdnko has arrived at a different result 


is rather puzzling. 

Some phj'^sical speculations form the ground upon which Eriinkd 
bases his criticism regarding my conception of the double drop system 
in the proloplasma. He does not take into consideration that, in my 
endeavours to elucidate the optical phenomena which are caused bj 
the granular substances of the cell, I have co-operated with Lennart 


Simons, Professor of Physics, and his three graduated assistants. 

Erdnkd’s investigation is based on one single form of cell, the 
eosinophil granylocyte, in transmitted light. The cell is coarse m 
structure and in many respects very suitable, notwithstanding the 
study being rendered somewhat more difficult due to the highly re- 
fractive hyaioplasma. There are many forms of cells, as may be de- 
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diiccd from wlinl Jins liecn said nliove, wliicli, in Uie darivficid niicro- 
scopc, arc cxlremcly vaiualiic in siiiiporl of llic ojiinion tlial a douiiie 
drop system exists in tlic prolopiasma. 

1 am {,'Iad Hint tin's prolilem lias come under discussion, as llie 
midcrstandinf? of tlie doulile dro]) system in tlic living cell takes a 
prominent jilace in elucidating llie niicroscoiiica! structure of tlic cell. 
Rr(in/c()'s pajier sliows, in my opinion, fJiat tliese iirohiems arc jiroiiaiily 
loo difficult for a novice. 


Stiiunutnj. 

Hninkos remarks regarding llie existence of a double droji .system 
in the prolo])lasma arc refuted. A descrijition is given of certain 
pliciioniena, indicating the jircsence of a double drop system in the 
cyloplasma of the living cell. wliieJi have not been observed by Eriitikn. 
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MYXOMA— MYXO-SARCOMA 

A SURVEY AND A FOLLOW-UP EXAMINATION 

By Olav AnUmn. 

(Received for publication April 29th, 1949.) 

A myxoma is a tumour consisting of mucous tissue which, in its 
most characteristic form, makes up the structure of the umbilical cord. 
The tissues of this tumour consist of star-shaped cells with long off- 
shoots and inter-cellular substance which is homogeneous and plenti- 
ful, giving a positive reaction to the stain mucicarmin. Virchow was 
the first to notice this tumour and to include it in his classification 
of tumours. In his opinion it was derived from mesenchymal maternal 
tissue because it was to be found in the body in places in which other 
tissues of mesenchymal origin existed, for example the fibrillary con- 
nective tissue and fatty tissue in fascias, the interstices of muscles, 
blood vessels and lymphatic glands. Virchow considered this tumour 
benign, for though it might recur after an operation, it did not form 
metastases. Later on he believed that it was benign from the outset 
and subsequently underwent secondary changes, becoming malignant. 
The notion of malignant degeneration was thus introduced into 
pathology, and the myxo-sarcoma was given its place in the classifica- 
tion of tumours. 

There is little to be added to Virchow's description of these tu- 
mours, interest in which has not been very great. This is so, probably, 
because they are relatively rare, and it is therefore difficult for a 
single observer to collect several such cases. The publications I have 
found on this subject have for the most part been isolated reports, 
and I have discovered onl 3 ' one comprehensive, American studj'. 

Meyenburg (1929) has pointed out that on a microscopic examina- 
tion of tumours of the sarcoma group it is not rare to find myxomatous 
areas, hut this does not necessarilj' mean that a tumour is a myxo- 
sarcoma. For this to be so there must not only be mucous intercellulai 
substance present, but also tj'pical mucous cells. He held that mucous 
areas without cells were the products of degeneration, such as could 
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be found in mesenchymal lumoiirs known as lipoma myxomaloclcs, 
enchondroma myxomalodcs. Ewing found myxomatous tissue in a 
scries of epithelial tumours, and it was interpreted as a product of 
secretion. Durante (1902) and Willis (1948) have drawn attention to 
the similarity in many ways of oedematous areas (such as arc found, 
for example, in fibromas) to mucous tissue. 

The patholof^ist is often hard put to it in deciding whether a tumour 
is a myxoma or a myxo-sarcoma. In general terms it may he said that 
a myxoma is a well'circum.scrihcd tumour, of uniform structure and 
often encapsuled. A myxo-sarcoma presents a quite different picture, 
with its numerous star-shaped cells of various sizes and with long 
offshoots, giving the intcr-cellular substance a thready appearance. 
The chromatin content of the cells varies greatly, but it is difficult to 
find mitoses. The tumour is permeated by fibrillary connective tissue 
rich in capillaries and by fat which appears partly as isolated fat cells, 
partly as heaps of them. The tumour may he completely or partially 
enclosed in a capsule, and not infrequently there is maci-oscopic evi- 
dence of growth of the tumour by infiltration. On a microscopic ex- 
amination all the diffci’cnt grades between a tyirical myxoma and a 
inyxo-sai’coma can he seen. Hcrtzler (1931) maintained that whenever 
a lipoma was situated in fascia the tumour must be I'cgardcd as 
malignant because of the constant rccuri-ences and because it became 
inoi'c and more I’ich in cells. He concluded that the ti’ansition from 
deep-seated lipomas and lipomyxomas on the one hand to lijro-myxo- 
sarcomas on the other hand was unnoticcable. 

With I'cgard to the mode of oi-igin of a myxo-sai'coma, Ewing 
(1935) was unable to accept Virchow's conception of »malignant de- 
gcnei’ation«. Ewing was in favour of the metaplasia theory. Fatty 
tissue and mucous tissue, according to this theory, ai'isc by a process 
of metaplasia cither from the adventitial cells of the blood vessels or 
from the endothelium of the capillaries. The formation of fatty tissue 
represents the first phase of the process of metaplasia, and the forma- 
tion of mucous tissue follows. Ewing w.as emphatic in his opinion that 
a myxoma consists of living cells and has nothing to do with mucous 
degeneration which represents dead tissue. Besides, a myxo-sarcoma 
is always closely related to fascia sarcomas (lipo-sarcomas and fibro- 
sarcomas). Boijd (1943) wms of the same opinion, maintaining that 
a myxo-sarcoma can hardly be regarded as representing an in- 
dependent group of tumour. The appearance of myxomatous tissue 
in a mesenchymal tumour, whether is was or w'as not benign, means 
that the tumour has become malignant. 

Heredity has not been found among the factors predisposing to 
the development of these tumours. I have been unable to find definite 
information concerning the weight to be attached to the influence of 
trauma, single or multiple, or to chronic irritation maintained for 
a considerable time. In Ewing's article, however, he emphasizes the 
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great importance of trauma, notably when these tumours are situated ■ 
in the lower limbs. 

The situation of these tumours in the body is most varied, the 
upper and lower limbs, the trunk, head and neck, and internal organs 
such as the kidneys, uterus, and ovaries {Thibaudeau 1935). Tboma 
(1944) found that the tumours situated in the upper and lower jaw 
presented a characteristic radiographic picture showing trabecular 
rarefying of the substance of the bone (»honeycomb form«). 

Treatment began, naturally enough, with excision of the tumour, 
and such surgical treatment was sufficient when given early. But the 
great tendency to relapse was soon recognized. Volkmann recom- 
mended early amputation if the operation was not radical. No one 
has recommended radiological treatment by itself, and we have 
gradually come to the present-day conclusion that the best treatment 
is a combination of surgical and radiological measures. 

Among earlier publications, mention may be made of the 2 cases 
of myxo-sarcoma in muscles described bj^ Kiittner (1913). In 1916, 
Robertson collected 51 cases which had been published up to that 
date. In these cases the tumours were situated behind the peritoneum, 
in the kidnej^s and the pleurae, as well as in the muscles. P. Bull 
(1918) reported a case in which a gigantic, retro-peritoneal tumour, 
weighing 15.5 kg., was removed by operation. On account of its slow 
growth it was taken to be benign, but metastases developed later on 
in the lungs. A microscopic examination revealed a myxo-fibro- 
chondro-sarcoma. Several publications from French sources have dealt 
with these tumours in the period 1926 — 1931 {Berard, Creyssel, Desja- 
ques, Fruchaiid, Traveniere) and they were known as conjonctivomas. 
Such tumours are composed of several different kinds of tissue and 
are also called fibro-myxo-lipo-sarcomas. Fruchaud has recorded two 
cases in both of which the tumour was removed by operation. A re- 
lapse in one of these cases necessitated amputation. Of the total of 
18 cases recorded by Berard and Peycelon, 15 underwent surgical and 
radiological treatment and 8 survived. The 2 cases receiving only radio- 
logical treatment ended fatally. Radical, surgical removal of the tu- 
mour followed bj’’ radiological treatment was advocated by these tuo 
observers. Hirschfeeld (1929) has described 4 cases of lipo-sarcoma 
containing myxomatous tissue. Thibaudeau (1935) has collected 50 
cases among which were 9 cases of myxo-fibroma. All these 9 verc 
alive after surgical treatment combined in some cases with radiological 
treatment. There were 3 cases of myxo-lipo-sarcoma and 39 of myxo- 
sarcoma. Among the 31 cases of sarcoma receiving surgical and radio- 
logical treatment there were 10 patients who survived, but the obserxa 
tion period was rather short in some of these cases. All the 4 patients 
receiving surgical treatment and treatment with radium died, and o 
the 3 patients receiving only radiological treatment, 2 died, and the 
sole survivor was not rid of the tumour. Ewing (1935) has recorder 
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2 cases, and in a review of these tumours he 3ms indicated that they 
arc more common in women than in men and in the age group 40 60 

years than at other ages. He found the mortality highest when the 
lower limbs were involved, and he regarded as radio-sensitive those 
varieties in which there was much fatty tissue. 

Usadel (1937) has paid special attention to the malignancy of the 
myxomas, and has come to the conclusion that the tumour recurs even 
when, on the histological evidence, it has seemed to he benign. The 
malignancy of the tumour grows with attem]its to remove it radically 
by operation. Among his 23 cases were 7 of pure myxoma, 4 fihro- 
myxomas, 8 myxo-sarcomas, 4 myxo-fihro-sarcoinas. 1 myxomatous, 
fuso-ccllular sarcoma and 1 myxo-ostcoid sarcoma. Among his 25 cases 
there were only -3 which did not recur. The treatment given was 
surgical and radiological. Jonssnn (1938) found 5 cases of myxo- 
lipo-sarcoma in muscles and fascia in the records of Hadiiimheminet 
in the period 1920 — 1936. The trcalmcnl consisted in every case of 
excision through healthy tissue. Tlesurrenccs of the disease in 3 of 
these cases necessitated a new operation followed by radiological treat- 
ment. There was only one survivor among these patients. Both the 
patients receiving prc-o]mrativc radiological treatment were alive. 
Jonsson held that the efficacy of radiological Ireatmcnt was in doubt 
because the microscopic examination of the tumour tissues showed 
no sign of damage from it. Said and McGirmcs observed no effect from 
radiological treatment in 2 cases. Slcivnrl (1937) found that the myxo- 
.sarcomas were to some extent amenahie to radiological treatment. 


Own Irwesliffotions. 

My material comes from the Ullevaal Hospital in the period 1929 — 
1948, in the course of which I have found a total of 11 cases. Nine of 
the patients were in surgical wards and 2 in the Dental-Surgical De- 
partment. Three of the cases were observed before 1940, the remainder 
belonging to a later period. Five of the patients belonged to the age 
group 40 — 50 years. There were 2 patients under the age of 30. The 
youngest patient was a hoy, aged 6 years, the oldest a man of 70. 
There were 8 women to 3 men. On perusing the anamnetic data I 
could find no record of familial predisposition or of trauma. The 
length of the interval during which the j)atients had noticed their 
tumours varied greatly. One woman stated that she had noticed the 
swelling for 13 years and others for only a year or two or for only a 
short time. In one case the tumour was discovered by accident rvhen 
the patient, a woman, wa.s in hospital receiving treatment for some 
other condition. Some patients .stated that the tumour had grown 
somewhat »of Iate«, and others said that it liad shown no change. The 
size of the tumour varied from that of a pea to that of a nut, a hen’s 
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■egg, an orange, or a loaf of bread. On macroscopic examination the 
tumour was soft, and its fluid contents were viscid. A microscopic 
examination was made in every case, and the microscopic prepara- 
tions have again been examined. In one case this preparation could 
not be produced, so I had to confine myself to an earlier description 
of it. 

On the microscopic examination I found in 5 cases benign-looking 
myxoma tissue, in 1 case slightly atypical cells and mucous tissue 
permeated by fibrillary connective tissue and fatty tissue indicating 
the diagnosis of lipo-myxo-fibroma. In 4 cases typical sarcoma tissue 
xvas found with mucous tissue, connective tissue and fatty tissue in 
varying proportions. Hence the diagnosis of fibro-lipo-myxo-sarcoma 
in 2 cases, lipo-myxo-sarcoma in 1 case, and myxo-fibro-sarcoma in 
1 case. 

The tumours were situated in the lower jaw, the upper jaw, the 
naso-pharynx, in the deep subcutaneous tissues of the left axilla, the 
vulva, the left inguinal region, the anterior aspects of the right and 
left thighs under their fascia, the popliteal space and posterior aspects 
of the left thigh, the sole of the right foot and the nape of the neck 
respectively. 

In two cases a macroscopic probability diagnosis of myxoma tissue 
was made at the operation, and in two cases it seemed at the time of 
the operation that radical removal of. the tumour was impossible. In 
one case the tumour was considered inoperable from the outset, and 
the operation was limited to a small exploratory excision. 

On my follow-up examination I learnt that 3 of the 11 patients had 
died, and that a post-mortem examination had been made in one of the 
fatal cases. I have succeeded in ascertaining the present condition of 
all the 8 survivors. In 6 cases the successful removal of the tumour hy 
operation was not followed by a 'recurrence during an observation 
period of 1 — 12 years. In 4 cases there was a recurrence, and a new 
operation was performed with the result that one of the patients 
showed no recurrence while the others did so again, and one of these 
patients was operated on without avail for the third time. In addition 
to surgical treatment, 4 patients received radiological treatment which 
in 3 of these cases was not given directly after the operation, but on 
recurrence of the tumour. The full tumour dose (see table) was ghen. 
Direct radiological treatment of the tumour itself was given in the 
inoperable case with the result that for a short time there was complete 
disappearance of the tumour which had recurred. But this did not 
prevent the development of metastases in the internal organs later 
on. One patient was alive a year and a half after the operation ant 
showed no local recurrence, but there were general metastases. Among 
the 3 who died there was one who was cachectic without showing 
signs of local recurrence. Unfortunately' permission for a post-mortem 
examination was refused. Another patient died at home, the cause o 
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Table. 




HH 

Trciitnifiit 

Oprralivc j UrmtRen 

Ilcsiilt 

OhservaUon 

pfHotl 

Biopsy 

1 

2 

o' 

9 

44 Maxilla 

Excochlea- 

tio 


No recur- 
rence 

IV 2 years 

Myxoma 

45 1 Left axilla 

i 

' 

Excision 

1 

No recur- 
rence 

No recur- 
rence 

3 years 

Lipo-myxo- 

fibroma 

slightly 

atypical 

3 

0 

56 Vulva 

Exci.sion 

1 2 years 

Myxoma 

4 

9 

46 ; Highl thigh 

1 

■ 

liixcision 

No recur- 
rence 

Xu recur- 
rence 

t'/e years 

Mj'xoma 

5 

0 

70 1 Left thigh 

Excision 

12 years 

Myxoma 

c 

0 

50 

Planfa pedis 

Excision 

3600 r. 

2 seances 

Several 

seances 

2700 r. 

& 3500 r. 

No recur- 
rence 

1 year 

Fibro-lipo- 

myxo-sarcoma 

7 

g 

62 ' Right inguinal 
j region 

Ojjcraled 
on thrice 

Death 

Mvxo-fibro- 

' 

sarcoma 

' S 

o' 

70 

Nape of the 
neck 

Operated 
on twice 

Death 

Eibro-lipo- 
myxo sarcoma 

9 

10 

11 

g 

42 

Left poiditeal 
s])ace 

Operated 
on thrice 

.Mive with 
pnlmonarv 
metastases 

IV 2 years 

D/e years 

Lipo-myxo 

sarcoma 

9 

28 

Mandibula 

Operated 
on twice 

No recur- 
rence 

Myxoma 

0^ 

6 

Naso-])harynx 


3450 r. -f- 
3450 r. 

2 fields 

Death 

Myxo-sarcoma 


death being registered as heart disease. In neither of these cases can 
''e be sure that there were no general metastases. The third death 
■was due to metastases in the lungs and spine. The post-mortem ex- 
Jiniination showed no local recurrence. 

‘^^^‘^'usion to he drawn from this follow-up investigation must 
erefore be that the radical removal of myxoma tumours should al- 
be undertaken. If the microscopic examination shows benign 
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tumour tissue, nothing more need be done. If the pathologist reports 
that the tumour is a sarcoma, radiological treatment should he given 
at once even if it seems to have been radically removed at the opera- 
tion. Radiological treatment should not be deferred till recurrence has 
occurred. It is also well to remember that when the tumour is situated 
in the interstices of the muscles of the lower limbs, radical remove- 
ment of it is usually difficult or impossible, and the question of am- 
putation of the limb should therefore be raised at once. 


Summary. 

The pathogenesis and localization of, and earlier publications on, 
mj'xoma and myxo-sarcoma tumours are revieved by the author who 
gives an account of his owm material consisting of 11 cases. The tumour 
wms a pure myxoma in 5 of these cases, a lipo-fibroma in 1, a fibro- 
lipo-myxo-sarcoma . in 2, a lipo-myxo-sarcoma in 1, a myxo-fibro- 
sarcoma in 1 and a myxo-sarcoma in 1 case. The myxomas were re- 
moved by operation. In a case of recurrence, a later operation was 
followed by freedom from recurrence. One of tbe cases of myxo- 
sarcoma was inoperable. The tumour disappeared after radiological 
treatment, but metastases developed early and the patient died. Among 
the 4 patients undergoing a radical operation there was one who re- 
mained free from recurrence. In the other cases there was a recur- 
rence requiring a second operation which was followed up by radiolog- 
ical treatment. It was ineffective, for metastases proved fatal. 

The author comes to the conclusion that radical removal is neces- 
sary for pure myxomas and lipo-fibro-myxomas. The myxo-sarcomas 
are relatively' radiologically sensitive, but radical surgical treatment 
is necessary and should be followed by radiological treatment. 
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(Received for publication May 14th, 1949.) 

In a previous paper discussing The Norwegian Radium Hospitals 
observations during the period 1932 — 1942, consisting of 386 cases of 
carcinomas of the true oral cavity, all histologically verified, one of 
us (Weyde) came to the conclusion that the primary tumor in most 
cases decides the fate of the patient. In other words, with the thera- 
peutical methods employed, the decisive facts in the prognosis of 
carcinomas of the true oral cavity are identical to those determining 
the cure of these carcinomas by radium treatment. 

The present paper is an attempt to find whether a more detailed 
histological classification, and particularly, a grading according to 
Broders’ method, can give useful prognostic facts or information re- 
garding the anticipated reaction to irradiation of squamous cell car- 
cinomas of the true oral cavity. 

The modern grading of squamous cell carcinomas was originated 
by Broders’ in his works 1925 and 1927. In a number of works, particu- 
larly by Americans, the grading of carcinomas of the true oral cavity 
has been done according to this classification and it has been found 
useful in deciding the most suitable method of treatment in individual 
cases as well as for the prognosis. (H. E. Martin, J. J. Duffy and 
others ) . 

Besides the ordinary squamous cell carcinomas there is, in the 
oral cavity, a number of other types of carcinomas of wich a few 
are supposed to derive from the squamous epithelium. Ribert and 
Krompecher have described these as »basal cell carcinomas«. Others 
have described them as »undifferentiated carcinomas«. Ewing and 
other American pathologists like Quick and Cutler designate them 
transitional cell carcinomas. 
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The Norwegian Radium. Hospital’s Data. 

These comprise ail histologically verified cases of carcinoma of 
the oral cavity during the 10-year period 1932 — 1942 with an observa- 
tion period of 5 — 15 years. The same material, ungraded, has been 
reviewed previously from clinical point of view, by one of us (Weyde) 
and part of it has been used by R. Bull Engelstad in a work dealing 
with the results of surgical treatment of cervical lymph node me- 
tastases. 

All biopsies which were not from the primary tumor and those 
which had been treated by irradiation, or were too small, or technical- 
ly unsuitable in other ways, have been eliminated in the preparation 
of the present work. There remain 210 biopsies. The patients are 
divided into the following groups: Free part of the tongue 56; Base 
of the tongue 41; sublingual region 35; biicca 33; gingiva 29; palate 16. 


Method and definitions. 

Alt sections arc as a rule fixed in Formalin. Most of them are 
stained in haematoxylin-eosin, others according to Masson’s trichrom- 
staining, and some by the van Gieson method or with mucicarmin or 
by silver impregnation after Laidlaw. 

In the histological examination certain mor]>hological facts were 
considered, such as tendency to infiltrate, amount and type of atypical 
nuclei, presence of cornification and stratifying cells as well as the 
size of the cells. The proportion of abnormally large nucleoli present 
was also investigated — these are referred to as »undifferentiated« 
cells. The histological examination has been carried out without 
clinical information. 

Infiltration: The degree of infiltration was estimated and graded 
according to slight, average or strong tendency and has been classified 
in the tables as 1, 2 or 3. 

The degree of cornification, the amount of atypical nuclei and 
slrntifijing cells were estimated in the same way and classified 1, 2 
or 3. 

We distinguished between small, medium, large and polymorphous 
types of cells. 

Finalls', we investigated the proportion of undifferentiated cells 
with pathologically enlarged nucleoli, including cells with mitosis. 
These were divided into groups 1, 2, 3, or 4 according to Broders’ 
classification; group 1 includes 0 — 25 % undifferentiated cells, group 
2: 25 — 50 %, group 3: 50 — 75 % and group 4: 75 — 100 %. From 200 — 
500 cells from different areas of the section were counted, counting 
especially the proliferating strands of tumor cells. 

Metastatic tendency. From clinical point of view, an important, 
probably the most important criterium in deciding the clinical 
ntalignancy of a tumor is its metastatic tendency. A tumor that 
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metastasizes to the regional lymph nodes before the primary lesion 
can be diagnosed, is considered to be the most malignant type. One 
that metastasizes late, or not at all, is the least malignant. An in- 
dication of the metastatic tendency of a tumor is found by dividing 
the material into the ordinary 3 stages according to the presence and 
extent of lymph node metastases on the admission to the hospital. 
This method is used in Table 2. Further information about the 
metastatic tendency is obtained by observing how many patients, who 
were admitted in Stage 1, without lymph node metastases, develope 
these, operable or inoperable, later. This will be seen from Table 3. 
Based upon these observations and the time when metastases occur 
and their rate of grow'th, w'e have grouped the tumors according to 
slight, moderate and strong metastatic tendency. 

Primary effect of irradiation. We have used the expression primary 
effect of irradiation instead of radio-sensitivity, which may often have 
a confusing significance. It is used to describe the clinical reaction of 
a tumor, based upon following up and examination for 6 months after 
termination of the treatment. »Good primary effect« means that the 
patient became primary symiDtom free after external irradiation only. 
»Moderate primary effect« means that the tumor has shown mode- 
rately good response to external irradiation, but that there was a small 
residual tumor left which could be destroyed by interstitial radium 
treatment. In a few cases the residual tumor was first fulgurated and 
radium needles inserted into the wound bed in the same sitting. 
»SIight primary effect« applies to tumors that have shown little or 
no response to irradiation and where primary freedom from symptoms 
could not be obtained. 

This classification has been used for small and large tumors re- 
spectively, and the comparison has been made on tumors of approx- 
imately the same size. The expression »radiocurable« has only been 
used for tumors which remain symptom free for 5 years or more. 

We have distinguished betw'een 1. Cornifying squamous cell carci- 
nomas and 2. »Other types of carcinomas« of the true oral cavitj’. 
The basis for this classification has been given under the respeclhe 
paragraphs. 


Results. 

1. Cornifying squamous cell carcinomas. This group comprises 
all the ordinary cornifying squamous cell carcinomas. It is a hetero- 
genous group of tumors of entirely dissimilar differentiation and in- 
cludes also anaplastic tumors with only slight degree of cornification. 
(Phot. no. 1, 2, 3, 4). 

Table 7 gives the results of comparison between a number of mor- 
phological and clinical factors, i. e. mortality, metastatic tendency and 
primary effect of irradiation. It is based upon the entire material re- 
gardless of the localisation of the tumor. 
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Fig. /. 

Squamous coll carcinomas- Grade 1- X liO, 



Fig. 2. 

Squamous cell carcinomas. Grade 11- X 280. 
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Fig. 3. 

Squamous cell carcinomas. Grade III. X 140. 



Fig. i. 

Squamous cell carcinomas. Grade IV. X 280. 
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Without giving details, the table shows that the tendency of in- 
filtration as well as the degree of atypia have a remarkahlc and sy- 
stematic correlation to mortality, metastatic tendency and primary 
effect of irradiation. As for the effect of irradiation the most obvious 
connection is between the »infiltration tendcncy« and the amount of 
undifferentiated cells. In the group including slight infiltrative ten- 
dency 0 % shows slight primary effect of irradiation, while 66.7 % 
show good primary effect. In the group including strong infiltrative 
tendency 34.9 % show slight and 41 % show good primary effect of 
irradiation. For atypical nuclei the proportions are similar but more 
difficult to determine. 

It is worth noting that the estimated number of areas in the sec- 
tions showing cornification is of comparatively small importance in 
estimating the malignancy of the tumor or its reaction to irradiation. 
The same applies to the stratifying epithelium in the sections. It may 
he pointed out that onlj^ when extreme polymorphous cells are pre- 
sent some relation to the mortality and the metastatic tendency may 
he demonstrated. As for the size of the cells and the primary effect 
of irradiation, it is noticeable that any large proportion of irregular 
cells, whether small, large or polymorphous, will increase the per- 
centage of slight primary effect of irradiation and consequently de- 
crease the percentage of good primary effect, but the result is rather 
unconvincing. 

We have also estimated the frequency of mitosis in the squamous 
cell carcinomas with cornification. The amount of mitosis in 10 areas 
chosen at random was counted and their density was estimated l)y 
counting the number, of cells in 3 to 5 areas. The results were cal- 
culated at the rate per thousand. The value of this calculation is of 
course only of relative importance but might give sufficient indication 
of the frequency of mitosis. In relation to the metastatic tendency it 
was found that in carcinoma of the tongue with slight, moderate and 
strong metastatic tendency the index of mitosis was, respectively, 
3.09 (0.33— 16), 2.67 (0—11) and 2.31 (0—12) . The figures in brackets 
indicate the dispersion margin. For carcinomas with slight, moderate 
and good primary effect of irradiation the index of mitosis was 5.06 
(0— b), 4.95 (0.8—12) and 3.42 (0—16). 

Taking into consideration the wide dispersion margin, any marked 
relation between the index of mitosis and the metastatic tendency 
cannot be proved. With an increased primary effect of irradiation the 
frequency of mitosis is found to be diminishing. This is in accordance 
with the relation between the histological grade and the frequency 
of mitosis — to which reference wdll be made later. But with Ibis 
slight difference and the wide dispersion margin it appears that the 
indices for mitosis alone are of minor importance in classifying Ibe 
biopsy. 

We have classified the cornifying squamous cell carcinomas ac- 
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cording to Broders’ method, based on the number of »undifferentialed« 
cells (see page 2) but are inclined to consider the infiltrative tendency 
to be of great importance. All borderline cases, that is all cases with 
nearly 25 %, 50 % or 75 % »undifferentiated« cells, were automatic- 
ally placed in the higher grade when a strong infiltrative tendency was 
apparent. For example: cases with nearly 50 % »undifferentiated« cells 
were placed in grade II where the extent of infiltration was 1 or 2 and 
in grade III where the extent of infiltration reached 3. Other facts 
were not considered in the classification. 

Table 2 shows a close relation between the grade of the tumor and 
the clinical stage of the patient at the time of admission. In grade 1 
all patients are in stage I, in grade II about SO %. in grade III — 
49.1 % and grade IV only 20 %. These figures are taken from the 
entire material, but, as will be seen from the table, the same pro- 
portions apply when the material is divided into separate groups for 
carcinoma of the tongue and for bucca, gingiva and palate. 

Table S shows the frequency of regional lymph node metastascs 
which appear subsequent to the patients’ admission in stage 1. It wdll 
be seen that grade I patients do not develop metastascs, while 70 % 
of the patients in grade IV do so subsequently. 

Table 4 shows evidence of the tumors’ metastatic tendencies and 
their relation to the histological grade. There is a marked difference 
in the metastatic tendency of the various localizations as well as for 
the material as a whole. The metastatic tendency is only slight in 
grade I and II while it is strong in grade III and IV. 

A comparison between the grade and the primary effect of irra- 
diation gives an interesting result. Table 5 gives a clear indication that 
in tumors of the higher grades, that is the most anaplastic tumors, 
the chances of obtaining a good primary effect of irradiation are di- 
minished considerably. Calculated on the entire material, 9.5 % showed 
slight and 66.6 % showed good primary effect of irradiation in grade I, 
while in grade IV the corresponding figures were 70 % and 13.4 %. 
The figures for grade II and III fall in between. If the small and the 
large tumors arc examined separately (the latter with a diameter of 
5 cnis. or more) the figures are somewhat smaller hut the same ten- 


dency is apparent. As may be expected, the i)rimary effect of irra- 
diation on the smaller tumors shows a distinct relation to the grade, 
blit it is surprising to find it to such a large extent in the larger tumors. 

The same relationship was apparent also in the previously men- 
tioned comparison of the individual morphological factors and the 
primary effect of irradiation (table I). 


In this classification the localization of the tumor has not been 
taken into consideration, as any essential difference in the relation 
between the localization and the primary effect of irradiation could 
not be proved. In gingival cancer certain special conditions have to he 
considered as some of the tumors may have caused destruction of the 
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Tabic 2. 

Belation between histological gi-ade and clinical stage on admission 

to the hospital. 


Grade 

No 


' % 

St II 

^ ®/o 

St III 

1 

No 

«/o 

St I 



NO 

% 

St I 


9 

I 



D 

0 





25 



0 

II 

B 



6,3 

17 

76,5 

17,6 

5,9 

49 

83,7 

10,2 

G,1 

III 

^9 


Qi 

29,8 

22 


13,6 

26,4 

1 

59 

49,1 



IV 




47,8 

14 j 

7,1 

64,3 

28,6 

37 

19,0 

j 40,5 

10, ,i 


Tongue Biicca Gingiva Palate Total 


Table 3. 


Percentage of patients admitted in stage 1, who later developed regional 
lymph node metastases, grade I — IV respectively. 


Grade 

i 

Tongue 

Bucca Gingiva Palate 

Total 

No St I 

i 

o/o Later met 

No St I 

1 

®'o Later met 

No St I 

o/o 1 ater met 

I 

14 

0 

8 

0 

22 

0 

II 

26 

34,6 

13 

33,3 

39 , 

33,3 

t 

III 

14 

50 


23 

27 

37 

IV 

1 

5 

80 


7 

6 

71,7 


Table i. 

Relation between histological grade and metastatic tendency. 


Grade 

No 

i 
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Tongue 

No 
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No 

i 
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1 
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um 
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Small 
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I 

D 

1 
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m 
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0 
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0 1 

0 
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Table 5. 

Primary effect of irradiation on tiie tumor in relation to its liistological 
grade, small and large tumors respectively. 


Grade 

1 % 

1 Small irradiation 
effect 

o;o 

Vedium irradiation 
effecl 

Great 

®/o 

irradiation 
effect J 

Total 


1 

Small 

Large j 

Total 

Small 1 

Large 

Total 

Small 

jl-arge 

Total 

1 

1 

' ! 

I 5, .7 

33,3 ' 

51,6 

27,8 * 

0 j 

23,8 

66,7 

6G,7 

66,6 I 

21 

n 1 

7,4 

42,2 1 

21,8 

2.7,11 

21.1 

23,0 

00,7 

30,7 

54,3 

46 

in 1 

1 

31,6 1 

[ 63,6 i 

al,9 

21,0 

1 15,2 

j 17,3 

47,4 ' 

21,2 

30,8 i 

52 

1 

IV j 

1 83,3 

6G,7 

70 

0 

1 20,8 

j 10,(5 

. 1 

I 

12,5 ' 

j 13,4 

1 30 


iionc before the patient was first admitted. This, of course, decreases 
the effect of irradiation. The material relating to gingival cancer covers 
only 21 cases. In 12 of these the bone was affecled. 9 cases showed 
slight effect of irradiation irrespective of the histological grade. As 
these cases make such a small difference in calculating the figures 
for the entire material in Table 5, they have all been included. We 
shall come back to the importance of bone destruction later on in 
connection with the 5 year result. 

Table o also shows a remarkable relation between the size of the 
tumor at the time of admission and the histological grade. Highly 
differentiated tumors arc, as a rule, small on admission while slightly 
differentiated tumors arc large. This is even more noticeable when 
the tumors are divided into grou])s according to size: small, with a 
diameter of less than 2 cms., medium with a diameter of 2 — o cms. 
and large with a diameter of more than 5 cms. Of the small tumors 
S2.6 % are grade I and II and there is none in grade IV. Of the me- 
dium size 73.5 % are grade II and III. 16 % are grade I and about 10 % 
are grade IV. Of the large tiunors 64.3 % are grade III and IV while 
only 3.1 % arc grade I. 

Here it would be of great interest to have detailed information about 
duration of symptoms previous to admission. But Ave feel that the pa- 
tients’ own observations are so unreliable that they are of little or 
no use as guidance. For this reason we have not found any outstanding 
difference in the duration of the disease in relation to the grade of 
the tumor. 

There is, however, a certain relation between the grade of the 
tumor and its macroscopical appearance. As will be seen from table 6, 
the majority of all papillomatous tumors have a low degree of ma- 
lignancy, the ulceroinfiltralive types have a high degree of malignancy 
and the papillomatous infiltrative types fall in between. 
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Table 6. 

Histological grade — macroscoiJical appeai’ance of the tumor. 


1 

Grade 

IS^o 

®/o Papillomatous 

% Papillomatous inf. 


I 

26 

60 

17,8 

11,9 

II 


20 

26,7 

31,1 

III 

1 

57 ; 

20 

37,7 

32,4 

IV 

37 

0 

17,8 

24,2 


Tumors developed from leukoplacia show no definite relation to 
the histological grade. 

There also seems to he a certain relation between the patients’ age 
and the histological grade, but our material is too small to draw de- 
finite conclusions. It is, however, remarkable, when the number of 
tumors of the histological grades I and II are compared with grades 
III and IV — it is found that of the age group under 60, 16 cases are 
grade I and II and 30 cases are grade III and IV. For the age group 
over 60 the corresponding figures are 60 and 22. 

Table 7 shows the relation between the histological grade and the 
mortality. The calculation is based on our material taken as a whole 
and also on the individual groups according to the localization of the 
tumor. Based on the entire material the figures for 5 year cures in 
grade I to IV are 68.2 %, 30.9 %, 9.09 % and 0 % respectively with 
corresponding figures for mortality. Death caused by a tumor of the 
lower grades may occur at any time within the 5 year period, while 
it usually takes place during the first or second year if caused by a 
tumor of the higher grade. 

When the rate of mortality from cancer of the tongue is compared 
with that of other localizations it Avill be found that tongue carcinomas 
of the low-er grades have a higher percentage of cure. In grade I or 
instance, the mortality for tongue carcinomas is 10 % and for other 
localizations 50 %. This is due to the unfavourable results from irra- 
diation in gingival tumors with bone destruction. If gingival tumors 
Avith bone destruction are excluded from the calculation, the 
for the group bucca, gingiva and palate, grades I ^IV, are 50 %, ’ /£>- 

12.5 % and 0 % respectively, for 5 years symptom free. If we add up 
the figures for grade I and II and than add those for grade III an 
separatelj', the resemblance to the figures for tongue carcinomas is 
even more noticeable. Grade I and II tumors of the tongue have /• ^ 

5 years symptom free and bucca, gingiv'a and palate 47.6 %- For gra c 
III and IV tumors the figures for the tongue are 3.6 % and for ic 
other localizations 7.7 %. 














Table 7. 

Relation between liistological grade and clinical course of carcinomas 

in the true oral cavity. 
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Failures 
o/o dead 
from cancer 
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o o 

No 

1 
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^ CO 

lead from cancer 

1 

o ’-I o 

1 

CO 

o o o 

r 

0 

O CO -r- O 


O C£> C5 -?• 


T 

o 

i-( OO CO 

<M T-H 

1 

"/o 5 year 
Cure i 

! 

o' o o" 

O Ci O 

^ ci lO 

CO 

S. free 
> 5 year 

O C5 O 

Determinate 

group 

10 

28 

34 

22 

Dead S. free 
< 5 year 
Indeterminate 

^ Oi y-t 

No 

CO CO 00 

CO CO cq 

Grade 


Free 

tongue 

Free tongue 

Basis 

Subling 
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Fig. 5. 

Anaplastic-parakoratotic carcinomas (AP). X 140. 



Fig. 6. 

Anaplastic-spinous carcinomas (ASp). X 140. 


2. Olhcr types of carcinomas. In 40 of the cases examined tlie 
squamous cell carcinomas were found to be morphologically dissimilar 
to the regular types of squamous cell carcinomas because of the do- 
mination of slight or medium differentiated cells. Broadly outlined. 
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Fig- 7. 

Anaplastic-squamous carcinomas (ASq). X 140. 


it may be said that while the squamous cell carcinomas are similar to 
the highly differentiated cornifying layers in the multiple laj^ers of 
the squamous epithelium, these tumors are partly similar to the least 
differentiated basal cells and partly to the cells in the medium laj^er. 

These tumors might be described as transitional cell carcinomas. 

In agreement with Gliicksman and Spear (1945) we designate tu- 
mors consisting of undifferentiated cells as Anaplastic-parakeratotic 
tumors (AP). Tumors consisting of undifferentiated cells but with a 
certain number of cornifying centers we consider as Anaplastic-spinous 
when the area is dominated by cells of the middle layer, often with 
small cornifjdng centers (ASp). See phot. 5, 6, 7. 


1. AP tumors. 

This group includes 14 patients. The types of cells resemble those 
of the basal layer. As a rule they arc slim, the cytoplasm is slightly 
hasophile and the nuclei are oval with minute chromatine. Most of 
them are of the highly infiltrative types and grow in narrow bands. 
In all these tj^pes of tumors pathologically and large nucleoli are rare, 
and grading on the same principles as for the squamous cell carcino- 
mas proved to be of no value for these groups. 

Table 8 shows that none of these patients lived for more than 5 
3'ears, 2 died sjmiptomfree within this period. The others all died 
Avithin 3 years. Prognosticallj', this group closelj' corresponds to grade 
IV of the squamous cell carcinomas. 

The table also shows that these tumors have a strong metastatic 
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Table 8. 


Tumors in groups AP, ASq and ASp — Mortality, Metastasis tendency, 
Primary irradiation effect. 


Mortality. 

5 years symptomfree . . . 

Indeterminate 

Dead 

AP. — 14 pt. 

0 % 

2 pt. 

... 100 % 

ASq. and ASp. 26 pt. 

29 % 

6 pt. 

71 % 

Metastatic 

tendency. 

Smalt 

Medium 

Large 

... 29% 

... 14 % 

... 57% 

59,5 % 

4 % 

36,4 % 

Primary 

Small 

... 38 % 

22 % 

irradiation 

Medium 

8 % 

13 % 

effect. 

Large 

... 54% 

65 % 


AP; anaplastic-parakeratotic carcinomas. 
ASq: anaplastic-squamous cai’cinomas. 
ASp: anaplastic-spinous carcinomas. 


tendency. On admission, 43 % were in stage I, 21 % in stage II, and 
36 % in stage III. Regarding primary result of irradiation, this group 
is in a special class, 54 % show good primary effect while 38 % show 
only slight primary effect. These figures do not illustrate, however, 
the extremely good effect of irradiation of some of the tumors. 

Three tumors were found to be typical transitional cell carcinomas 
as described by Quick and Cutler: they were highly sensitive to irra- 
diation. This type of transitional cell carcinoma can be identified with 
some certainty by its morphology. Otherwise we did not find any 
complex of morphological criteria giving definite indications as to 
the degree of reaction to irradiation to he expected in the individual 
tumors. Regarding the frequency of mitoses, calculated by counting 
1000 cells chosen at random, we made the following observations; The 
five tumors with slight primary effect of irradiation had an average 
of 11.8 per thousand with a dispersion margin of 5 — 34. Those with 
good primary' effect had 16.5 per thousand, also with a dispersion mar- 
gin of 5—34. The latter had, on the average, a higher frequency of mi- 
toses, but even these limited observations showed that the individual 
dispersion margin was so wide that the index for mitoses in this respect 
was of no avail for estimating the individual primary effect of irra- 
diation. 

2. ASg. and ASp. group. 

This group includes 26 cases. 6 patients died from intercurrent (H- 
sease, free from cancersymptoms. As will be seen from table 8, 29 % 
were symptomfree after 5 years, and 71 % died from cancer. Pro- 
gnostically this group thus resembles grade II of squamous cell carci- 
nomas. 
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On admission 65.1 % were in stage 1, 11.5 % in stage 2, and 23.6 % 
in stage 3. As will be seen from table 8 compared with table 4 and 5, 
the metastatic tendency for this group is higher than for grade II 
squamous cell carcinomas. The frequency of good primary irradiation 
effect is, however, greater than in squamous cell carcinomas of this 

grade. 

The types of tumors referred to are more or less equally distributed 
in the various localizations of the true oral cavity. 

In all three groups the ulceroinfiltrative types are dominating, only 
a few are papillomatous infiltrative and none is purely papillomatous. 

Conclusions. 

210 biopsies from non-irradiated tumors in the oral cavity were 
classified and graded according to a modification of Broders method. 

1. We distinguished between the squamous cell carcinomas (170 
cases) and other types of squamous cell carcinomas (40 cases). The 
latter types were divided into groups of anaplastic-keratotic tumors 
(AP), anaplastic-squamous tumors (ASq) and anaplastic-spinous tu- 
mors (ASp). While the cornifying squamous carcinomas could be 
graded on the basis of the percentage of »undifferentiated« cells with- 
out consideration of the infiltrative tendency, this was not practical 
for the other types of carcinomas. 

2. For the cornifying squamous cell carcinomas it was possible to 
prove the existence of a relation between the histological grade and 
the following clinical observations: 

a. The size of the tumor on admission. Generall 5 % tumors of a low 
grade were small and those of a high grade large (table 5). 

b. The macroscopical type of the primary tumor. Most of the 
papillomatous types were of low histological grade, the ulcero- 
infiltrative types were of the highest histological grade, while 
the papillomatous infiltrative types fell in between (table 6). 

c. Greatly increased metastatic tendency in progressively higher 
grades (tables 2, 3, 4). 

d. Primary' effect of irradiation decreasing considerablj' in pro- 
gressively higher grades (table 5). 

e. Radiocurability, that is 5 years freedom from symptoms, greatly 
decreasing with progressively higher grades (table 7). 

f. Prognosis of the lower grade tumors localized in the tongue is 
better than of bucca, gingiva and palate (table 7). This is prob- 
ably due to the poor prognosis of gingival cancer caused by 
frequencj' of bone destruction. 

g. Probably there is a greater frequency of higher grade tumors 
in the lower age groups. 

3. Other types of squamous cell carcinomas: The AP-group of 
tumors shows 100 % mortality although some of the tumors react 
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stoing treatment has little to do with the actual effect of irradiation. 
A complex of factors has to he considered, for instance the length of 
life of a cell, the speed of its mitotic division and its capacity of dif- 
ferentiation, a tumor which disappears completely, even if slowly, 
after irradiation, must in reality be considered the most sensitive to 
irradiation. This question is of fundamental importance and it is to 
he ho])ed that the term radio-sensitivity can. in the future, be given 
a more exact meaning. 

There is no doubt that grading according to Broders’ method is of 
importance in estimating the radio-sensitivity and prognosis in groups 
of tumors. As the radio-sensitivity of the tumor cells is influenced by 
multiple factors, it is surprising to find that grading based on a single 
biopsy can produce such distinct groups as in this instance. It appa- 
rently shows that grading according to Broders’ method is very im- 
portant in the statistical examination of material. In examining the 
individual tumor, however, we have been no more successful than 
anybody else in finding a complex of morphological facts which, in an 
individual biopsj', can give greater possibilities for the classification. 
There has actually been some doubt as to wbether such criteria ac- 
tually exist (Whitcomb, Richards) and it has been stated »that only 
a trial of irradiation will actually prove a given tumor in a given pa- 
tient radiosensitive*. (Liljenkranz). It is therefore of the greatest in- 
terest that Gliicksman and Spear in making a scries of biopsies during 
the radiological treatment of accessible cancers in only a few weeks, 
are able to indicate the prognosis in an individual case on the basis 
of few biopsis. 

As already mentioned our results show that in cases of carci- 
noma of the oral cavity, irradiation therapy gives the best lasting re- 
sults in the groups of highly differentiated squamous cell carcinoma. 
As far as the treatment of the regional lymph node metastases is con- 
cerned, grading may also be of some importance for the choise of mode 
of treatment. Tumors of the higher grades have a strong metastatic 
tendencj', and in cases with manifest metastases they are inclined to 
recidivate in the operative area after total neck dissection. It would 
tberefore appear natural to consider the advisability of performing 
prophylactic neck dissection in these highly anaplastic squamous cell 
carcinomas. This is true also because our results indicates that there 
is no logical reason to expect lasting cure following irradiation treat- 
ment in manifest metastases of these tumors. 
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ON THE HEREDITY OF BLOOD FACTOR P. 

By K- Hcvvinffsen. 

(Received for publication June 1st, 19-49.) 

Following the discovery of blood factor P in 1927 Landsteiner and 
Levine established by family investigations, that the property was here- 
ditary. 103 families with 498 children were examinated the reactions 
being divided into classes according to receptor strength, and the re- 
sults suggested inheritance determined by several allelic genes. It ap- 
peared that the property was not found in the blood of a child, unless 
it was present in the blood of at least one of the parents. The exact 
mechanism of inheritance, however, was not established. (11, 12). 

Dahr and collaborators have investigated the heredity of factor P 
by twin and family investigations. Their material comprises 383 pairs 
of twins and 563 families with 2070 children. The investigations pro- 
vide evidence, that the property is inherited as a simple Mendelian 
dominant, the presence or absence of the property being determined 
by two allelomorphic genes P and p of which the former dominates 
over the latter. (3, 4, 5, 6, 7). 

Jungmichel has found conformity to this theorj' bj'^ investigation 
of 40 families (10), and further Wolff and Jonsson have published 
501 mother-child examinations supporting this theor 3 ' of inheritance. 
(17, 9). 

Recentlj' Sanger, Laivler and Race have published 85 familj^ in- 
vestigations, the results agreeing well with the theor 3 \ (13 a). 

As to the inheritance of the receptor strength no thorough investi- 
gations have been published. The investigations of Landsteiner and 
Levine were performed with rather Aveak sera, and the classification 
with regard to receptor strength Avas attained bj' estimating the 
strength of the agglutination. Dahr has performed a number of titra- 
tions of the receptor strength in the familj’^ material, but the results 
of these investigations have not been published. Neither has Jonsson, 
who classify according to the varying absorbing poAver of the bloods 
(personal communication), published his results, and till noAv no de- 
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finite conclusions concerning the heredity of the receptor strength 
have been proposed. 

The present paper comprises the authors investigations on the he- 
redity of factor P per se as well as of the receptor strength ba.sed on 
mother-child and family investigations. Further the forensic aspect 
of blood factor P is presented as applied to cases of disputed parentage. 

Technic and material. 

The technic employed in this investigation has been described in 
detail in a previous paper. (8). A little less than half the mother- 
child determinations (330) and between one third and one fourth of 
the family material (364 determinations out of a total of 1228) have 
been subject to agglutination tests with animal anti-P serum and in 
a majority of cases with anti-P sera of human origin too. The re- 
mainder of the determinations has been performed by agglutination 
tests with an anti-P serum of animal origin, by titration against a 
human anti-P serum as well as by absorption with another human 
anti-P serum. 

The material comprises 700 mother-child examinations originating 
from cases of disputed paternity, and further a family material total- 
ling 1228 persons. This material originates from 54 families and com- 
prises 281 matings with 727 children. In every family at least 3 
generations have been examined, and every person has been tested 
according to the ABO, A, A,, MN and P systems. Further a great pro- 
portion of the material has been investigated with regard to the 
secretor sy.stem, Rh- and Lewis systems. The complete pedigrees of 
the families will be published later. The families have been selected 
preferably among families known to the author or his colleagues in 
order to reduce the likelihood of encountering illegitimacy. The last 
part of the material, however, comprising 123 matings has been .se- 
lected a little less carefull3^ and among those matings 3 instances of 
illegitimate offspring have been found against none among the first 
168 matings. 


liesults. 

The results of the mother-child examinations are given in table 1. 


Mother-child 

Observed 

Table •/. 

Calculated 

Observed 

Calculated 

combination 

number 

number 

percentage 

percentage 

p -j- — . p 

447 

473 

G4 

07.5 

p+_p_ 

103 

80 

14.7 

11.5 

p P4. 

82 

79 

11.6 

11.3 

p p_ 

08 

68 

9.7 

9.7 

Total 

700 

700 

. 100.0 

100.0 

The observed and the expected distributimi of 

700 mothcr-cbild examinations 
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Taking into consideration that the P receptor is not fully developed 
at birth the observed figures agree very well with a mechanism of 
inheritance conditioned hy two allelic genes P’ and p’, the former 
dominating over the latter. As the age of a great many of those 
children was less than 3 months, the problem of the inheritance of 
the receptor strength has been disregarded. 

The distribution of the entire family material among the various 
blood group systems is tabulated in table 2, 


Table 2. 


Group 

or 

type 

1 

1 Total 

P+ I 

P 


Stand.error 
of percen- 
tage of P — 

j Number 

1‘crccn- 1 

Number 

1 Pcrccn- 1 
1 IxRe 1 

Number 

1 Percen- 

j 

Ai 

•425 

3t.7 

346 

81.4 

79 

18.G 

-fl.89 

As 

111 

9.05 

88 

79.3 

23 

20,7 

4-3.84 

0 

505 

41.1 

399 

79.0 

lOG 

21.0 

4-1.81 

B 

137 

11.15 

107 

78.0 

30 

22.0 

4-3.54 

.AB 

50 

4.1 

39 

78.0 

11 

22.0 

4-5.85 

M 

302 

24.G 

238 

78.8 

04 

21,2 

4-2.35 

N 

287 

23.4 

242 

83.7 

45 

1G.3 

±2.18 

JMN 

G39 

52.0 

499 

78.0 

140 

22.0 

-1-1.64 

D 

999 

83.5 

787 

78.8 

212 

21.2 

4-1.29 

d 

199 

10.5 

104 

82.4 

35 

17.G 

4-2.G9 

Total 

1228 

100 

979 

79.85 

249 

20.15 

4-1.15 


The clisfribution witliin the family malcrja) among Iho various blood groups 

and blood types. 

Although the material consists of comparatively few families, the 
observed frequencies of the different blood groups and tj'pcs agree 
approximately with the average frequencies in the Danish popula- 
tion. Further no indication is found of any interdependence between 
factor P and the properties tabulated. 

If two genes P’ and p’ are assumed with dominance of P’ over p’, 
the phaenotype P + comprises genotypes P’P’ and P’p’, and phaeno- 
type P — is p’p’. Thus the frequencies of P’ and p’ may he calculated 
knowing the frequency of genotype p’p’: 
p’ = [/p__ = 1/0.2015 = 0.447. 

P’ + p’ = 1, P’ = 0.553. 

If the distribution of the genotypes in the population is 
P ’2 ^ 2P’p’ + p’= then the offspring comjmises 
(P’- + 2P’p’ + p’ 2 ) 2 . From this the proportion of phaenotypes in 
offspring from different combinations of matings may be calculated 
using the frequencies of P’ and p’. In table 3 the observed and the 

calculated data are given together with the formulas for the calcula- 
tions. 
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Table :}. 


Matings 



Offspring 




P + 


P— 



Formulas 


Formulas 

P+ — P + 


P’- (3 — 2P’) : 57.8 per cent. 


P’-p'-: 6.1 per 

P+~P— 


2P'p'2 : 22.1 » » 


2P’p’3: 9.9 » 

P P— 


0 : 0 » » 


p’* : 4 )> 

Matings 



Offspring 




P + 


P— 

P+ — P + : 

180 

430 (-420) 


49 ( 45) 

P-h— P— : 

86 

150 (161) 


62 ( 72) 

P P— : 

15 

1 { 0) 


35 ( 29) 

Total : 

281 

581 (581) 


146 (146) 


The calculated and observed distribution of matings and offspring n-itii regard 
to the P factor. In parenthesis the expected number of children. 

It is seen, that the figures agree very well with the assumed theory 
of inheritance. 

One exception, however, is encountered, a mating P P — 

having a P + child. The complete blood group and tyi)e formulas of 
the family are the following: 

Husband: As N cedd P — Mother: O MN CCD P — 

Daughter: A„ MN CCD P + Son: As MN CcD P — 

It is seen, that the daughter besides being P + is homozygous C, while 
the husband of the mother is homozygous c, and further it was reveal- 
ed, that the marriage of the parents took place about a month before 
the birth of the daughter. In view of these circumstances the author 
feels justified in excluding the family from the material and in con- 
sidering it, not as an exception to the rule, hut as an example of 
exclusion of paternit 5 ^ 

The genotypes of the various parental combinations and their off- 
spring are shown in table 4. 

Table 

Parents Offspring 


Phaenotype 

Genotype 


P+ — P + 

P’P' — P’P’ 

P’P’ 


P’P’— P’p’ 

1/. P’P’, P’p’ 


P’p’ — P’p’ 

Vi P’P’. V2 p’p'. y-i 

P+ — P— 

P’P’ — p’p’ 

P’p’ 


P’p' — p’p’ 

1/2 P’p’. ¥2 p’p’ 

P P— 

p’p’ — p’p’ 

p’p’ 


The genotypical combinations of matings aTid offspring. 


As seen from the table the mating P + — P + produces both po 
sitive and negative children in the proportion 3:1, if both paren s 
are heterozygous. As a negative child from a P + — P + mating is 
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an indication of the licterozygocity of the parents, those matings are 
selected having P — children: 

Matings Children 

py p’p’ P + P — Total 

37 71 49 120 

As the matings arc selected by the occurrence of P — children, 
some heterozygous matings without negative children have evaded 
the enumeration. This error may be corrected using the following 
method by Bernstein cited by Sclu'ff (14): the average number of 
children in each mating is 120/37 = 3.24. The probability of a mating 
P’p’ — p'p’ without negative children is = 0.394. The jn'o- 

bahility of the observed matings is 1 — 0.394 = 0.606. To get the real 
number of children originating from heterozygous matings the number 
of children observed has to be multiplied with 1/0.606 viz. 120 X 
1/0.606 =: 197. One fourth of these children, 49.25, is going to be P — . 
Thus the observed number of 49 negative children agrees very well 
with the number calculated. 

Vet another combination of matings, P’p’ — p’p', yields a pos- 
sibility of testing the theory. The matings P + — P — having negative 
children must be of this genotype. Yet some of these matings have 
only positive children in spite of the hctcrozygocity of the positive 
parent. In order to correct this source of error the matings with ne- 
gative children onlj’ arc excluded from the enumeration, as the pro- 
bability is, that the number of these matings equals the number of 
matings of this genotype having no negative children. The remaining 
matings and their offspring are: 

Matings Children 

P’p’ ~ p’p’ P + P — Total 

26 40 42 82 

.As expected the proportion between positive and negative children 
is approximately 1:1. 

Thus the present material gives further proof of the law of heredity 
of blood factor P stated by Dahr, that the inheritance is governed 
by two allelic genes P’ and p’, and that P’ dominates over p’. Conse- 
quently a child cannot be P + without having at least one P + parent. 

As no agglutinin against P— liavc yet boon encountered, the term clomi- 
nanco may not bo fully justified, but for practical pin-poscs the theory is 
adequate. 

Till now no regard has been paid to the variation of the receptor 
strength, which was determined by titration in a majority of the bloods 
from the family material. The titrations were carried out in dwarf 
test tubes by testing the corpuscles in question against progressive 
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dilutions of a human anti-P serum. 1/2, 1/4, 1/8 and so on. As a control 
of the serum a positive blood of known receptor strength, preferably 
always the same, was included in every set up, and if necessary the 
results of the titrations were corrected as indicated by the reactions 
of the control. It goes without saying, that the constancy of the re- 
ceptor strength had been established by earlier experiments. The re- 
sults of the titrations within the family material are depicted in 
figure I, 



Pig ^ f^eeiprocal v’dlues of 

Just as in the formerly published, unselected material (8) no 
indication is found of distinct classes according to strength. In order 
to investigate, if a possible masking of such classes existed due to 
greater receptor strength in homozygous than in heterozygous bloods, 
the results of the titrations of all known heterozy^gous samples from 
the family material are depicted in figure 2. It is seen, that even if 
the contour of the curve has changed considerably, still no distinct 
classes may be discerned. 

On the other hand it appears from the pedigrees of the families, 
that the receptor strength to a great extent depends on homo- and 
heterozygocity, but further that the variations without any doubt arc 
hereditary properties, and that a given strength, if not modified by 
homozygocity, is inherited without significant change. How'ever, in 
order to analyse the mechanism of inheritance it is convenient to divide 
the material into several classes according to strength. Assuming a 
difference in receptor strength of tw’o titration steps as significant, 
a classification is chosen, by wdiich each class comprises two tiler 
values with the exception of the strongest class, w’hich comprises three 



115 



Fig. 2 


/fecjproeal of c/^JufionS 



O P- 
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In consideration of the small number of bloods of the highest titration 
values. In classification the limits between classes have to be sharp, 
hut it must he emphazised, that the actual titration curve exhibits 
no distinct classes, and that due to experimental hazards specimens 
of a receptor strength in the vicinity of the selected limits may just 



Fig. 4 O 


as well be enlisted above as below the limit. Arbitrarily 3 classes of 
phaenotypes are chosen, viz. Pstrong for receptor strength of titer 
16 and more than 16, Pmedium for tiler 4 and 8, and Pweak for titer 2 
and less than 2. Using this classification in the pedigrees of the families 
it is evident, that the receptor strength is due both to different genes 
conditioning to different strength and to homo- and heterozygocUx . 
Consequently the gene P’ cannot be an entity, but has to be inter- 
preted as a group of allelic genes, all of which dominate oxer p. 
In figures 3 and 4 an example is given of the pedigree of a comp e e 
familj', and further several pedigrees are selected to illustrate t 'c 
complex origin of the phaenotypical receptor strength. 

A total of 183 matings with 508 children has been classified m 
this way. The various combinations of matings and the proper ions 
of their offspring are shown in table 5. 
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Tabic li. 




Olfspring 

I’slr. 

1 Pmed. 1 

I>\v. 

I*- 

1. Pstr. 

— Pstr. 

13 

24 

8 

0 

7 

2. Pstr. 

— Pmed. 

3G 

33 

GO 

4 

2 

3. Pstr. 

— Pw. 

G 

5 

G 

2 

0 

4. Pstr. 

— P— 

20 

0 

39 

5 

5 

5. Pmed. 

— Pmed. 

4G 

17 

84 

13 

19 

G. Pmed. 

— P\\'. 

18 

4 

32 

11 

5 

7. Pmed. 

— P— 

3i 

0 

48 

17 

30 

8. Pw. 

— Pw. 

2 

0 

3 

2 

1 

9. P\^•. 

— P— 

8 

0 

4 

G 

12 

Total 


183 

S3 

284 

GO 

81 


Tho distribution of 183 nnilings with 508 children using the proposed 
classification according to receptor strength. 

From this table several interesting facts are seen. Primarily it is 
obvious, that the variation in recei)tor strength cannot solely be due 
to homo- and hcterozygocity with regard to a single grne conditioning 
to one single receptor strength. The presence of P — children from 
the matings Pstr. — Pstr., which in accordance with such a hypothesis 


Tifri^iion vdlues To fomjltet erOtAifjng 
c(iierep3nciei to the pr-oposed theory 

/Vo. 151 Z 1 


Z - - - - 




t/ 

^i237 Z- 


^ 2 , 


Fi(j. 5 
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ought to be hoinozygotic, strongly tells against this. On the other hand 
the greater percentage of heterozygocity among the classes of lesser 
receptor strength is clearly indicated by the greater proportion of 
P — children in those classes. In regarding group 9 of the matings 
it appears that 4 children have a receptor strength greater than that 
of the positive parent. Two of these children originate from mating 
no. 151, the others from matings no. 206 and 237. From the pedigrees 
in fig. 5 it is revealed that the difference between the receptor strength 
in parent and offspring in those cases is one titration step and con- 
sequently cannot be considered significant. 

Thus the following general rule appears to hold true, that off- 
spring from P + — P — matings cannot have a receptor strength of 
greater potency than that of the positive parent, provided that a dif- 
ference of at least two titration steps between the receptor strength 
of parent and offspring is claimed for the difference to be significant. 

On the other hand it is seen, that two parents of weak or medium 
strength may have offspring of medium respectively strong receptor 
strength indicating the greater strength of homozygotic versus hetero- 
zygotic bloods. 

It thus appears, that the receptor strength is conditioned gene- 
ticall 5 % and that the strength conditioned by tbe various genes is a 
constant, hereditary property. The fact, that the observed phaeno- 
typical differences are quantitative and not qualitative, does not neces- 
sarily exclude the possibilit 3 ' of different allelic genes, and the absence 
of sharply differentiated classes in heterozygotic individuals may ^Yell 
be due to the coarseness of the method of investigation, but on the 
other hand it may be due to a multiplicity of closely related genes in 
conformity with the findings regarding D and D” within the Rhesus 
blood group system. (13). 

Assuming the phaenotypical classification mentioned above, a 
theory of four allelic genes agrees closely with the results observ'ed. 
Designating the genes p, q, r and s for P — , Pw% Pmed. and Pstr. 
respectively, 10 genotypes are possible ss, sr, sq, sp, rr, rq, rp, qq, 
qp, and pp. From the pedigrees and table 5 the genotypical composi- 
tion of the various phaenotypes is deducted and given in table 6. 


Phaenotype 

Pstr. 

Pmed. 

Pw. 

P— 


Tabic 6. 

Genotype 
ss, sr, sq, sp, rr. 
rq, rp, qq. 
qp. 
pp. 


The genotypical combiiiations of the various classes of factoi P- 
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Knowing the j^roportion of the different phacnotypes in a popula- 
tion the frequencies of the corresponding genes are easily calculated. 
The distribution of the phacnotypes among parents and offspring in 
the family material is given in table 7. 

Table 7. 

P.slr. Pined. Pw. P— Total 

Parents 24(88) 48(180) 10 (.30) 18(00) 100(370) 

Offspring 10(83) 50(280) 12(00) 10(81) 100(i310) 

The proportion of tlic various classes in parents and offspring in percentages. 

In parenthesis the actual number of observations. 

As the receptor strength apparently is not fully developed in the 
offspring, the gene frequencies arc calculated from the figures of the 
parents. 

p- = 0.18, p = 0.425 
2 qp = 0.10, q = 0.118 
q- + 2rp + 2rq = 0.48, r = 0.429 
p + ({ + r + s = 1, s = 0.028. 

These frequencies agree very well with the corresponding fre- 
quencies as read from figure 2. From this curve the frequencies of 
.the assumed genes may he read directly, if the percentages plotted 
on the curve are multiplied with 1 — p. As 1 — p approximately amounts 
to 0.6 the frequencies of the genes arc; 

q = 0.17 X 0.6 = 0.102 
r = 0.76 X 0.6 = 0.455 
s = 0.067 X 0.6 = 0.04 

It is now possible to calculate the phacnotypical distribution of 
the offspring from the various combinations of matings. From table 5 
it is seen, that combinations no. 2, 5 and 7 are the most frequent and 
represent a relatively large number of children, and consequently those 
groups of matings are chosen to test the theory. Prior to the calcula- 
tion still another thing must he taken into consideration, viz. the 
difference in receptor strength in parents and offspring. It appears 
from table 7, that there is a le.sser percentage Pstr. among the off- 
spring than among the parents, and that a correspondingly greater 
percentage of Pmed. is found in the offspring, whereas the jrercentages 
of Pw and P — do not differ significantly. Even if the difference be- 
tween the percentages of Pstr. and Pmed. in parents and offspring does 
not exceed 3 times the standard error, it may he considered significant 
in view of the statements, reported earlier, of the weaker development 
of receptor strength in children. (8). It is seen, that within class Pstr. 
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the proportion of the observed frequencies in parents and offspring 
is 3 : 2 . It appears justifiable to apply this correction to the figures 
of the offspring in the observed matings, thus multiplying the observed 
frequencj'^ of Pstr. children with 3/2 and subtracting the corresponding 
number from the children of phaenot3q)e Pmed. In table 8 the observed 
and the calculated figures are given. 


Matings 


Table S. 

Offspring 

Pstr. I Pttird. I Pvv. 


P- 


Pstr. — Pmed. 50.1(51.5) 43.9(45.4) 4 ( 1.2) 2 ( 1.9) 

Pmed. — Pmed. 19.2(23.5) 56.8(52 ) 9.7(10 ) 14.3(14.5) 

Pmed. — P— 0(0) 50 (48.5) 18 (13.5) ■ 32 (38 ) 

The distribution of offspring from different matings according to receptor- 
strength. The figures are percentages after correction. The calculated per- 
centages are given in parenthesis. The actual number of matings and off- 
spring appears from Table 5. 


The agreement between the observed and the calculated figures 
appears fairlj-^ good and may well be taken as proof of a mechanism 
of hereditj' governed bj' multiple allelic genes, one of which, p, con- 
ditioning to the absence of the P factor, and a group of genes, P’, 
conditioning to different receptor strengths. The genes for the presence 
of the P factor dominate over p, and further homozygous receptors 
phaenot3'picaIl3' are of greater strength than heterozygous, provided 
that the genes in question condition to the same receptor strength. The 
classification of P + into 3 classes, which appears reasonable, neces- 
sitates the presence of at least 3 genes for the P factor, in view of the 
fact, that some of the bloods in the phaenotypical class Pstr. are hetcro- 
z3'gotic. Further the variation of strength of the heterozygotic bloods 
ranging from titration steps of less than 2 to 64 indicates at least 3 
genes, if a difference of two titration steps is considered significant. 
The presence of 3 allelic genes conditioning to the P factor in con^ 
nection with the augmented receptor strength in homozygocity may 
well explain the variation of phaenot3'pical receptor strength, but on 
the other hand the possibilit3^ of more than 3 , closel3' related genes 
cannot be excluded and ma 3 ' be ver3' probable, hut the coarseness o 
the technical method together with the fact, that the various geno 
t3’pical properties condition to quantitative differences prohibit a more 
exact anal3'sis of the problem. 

However, the possibilit3' of a multiplicit3' of genes does not in an} 
wa3’^ affect the considerations on the principles of the inheritance men 
tioned above. 

The entire famil3' material has been anal3'sed with regard to ex 








781 


ceptions to the proposed theory of inheritance. Disregarding excep- 
tions due to a difference of one titration ste]> a couple of exceptions 
remain, and these may well he explained by a retarded development 
of the receptor strength in the children. 

From the present material it thus appears, that the proposed theory 
holds true for practical purposes. 


The medico-legal application of blood factor P. 

The medico-legal application of blood factor P is closely related 
to its heredity, as the chief purpose of P grouping is the exclusion of 
paternity in cases of disputed parentage. 

1933 Schiff in a paper on the forensic use of blood types M and N 
mentioned the possibility of using factor P in medico-legal cases but 
concluded, that the heredity had not yet been adequately investigated 
for that purpose. (15). 

1941 Dahr presented a scries of paternity cases, in which P group- 
ing was employed resulting in a few exclusions. In his conclusions 
Dahr states, that the law of heredity of factor P has not been establish- 
ed with certainly for legal purposes, but in all probability the assumed 
Iheory is correct, and incompatibility with this tells strongly against 
the paternity of the man in question. (6). 

Jungmichel (10) agrees with the slalemenl of Dahr, while Andresen 
is inclined to modify the statement a little and prefers considering P 
exclusions along with other evidence of the nonpaternity of the ac- 
cused man. (1, 2). 

Wolff and Jonsson slate, that a typical exclusion within the P 
system with a moral certainty tells against the paternity of the alleged 
putative father, (17, 9). 

When considering the presence or absence of factor P alone, only 
one possibility of exclusion is present viz. the mother being P — , the 
child P and the accused man P — . 

The reliabilit 5 ’' of this exclusion depends on several circumstances. 
Primarily the correctness of the as.sumcd law of inheritance is of 
supreme importance. The material supporting this theory has gradual- 
ly accumulated, and in a biological sense the law of inheritance is 
quite certain. In table 9 are presented the results of the family in- 
vestigations published till now. (From the material of Landsteiner 
only 4 P P — matings arc included in the table). 

Further a total of 1201 mother-child examinations (Wolff, Jonsson, 
present author) and 383 examinations of twins (Dahr) strongly sup- 
ports the assumed theory'. 

The five apparent exceptions to the Iheory encountered in table 
9 may well be ascribed to illegitimacy as mentioned above. 
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Table 9. 


Matings 

Investigators 

1 

j Number 

1 of matings 

Offspring 


1 f’-l- 

i P- 



Dahr 

319 

980 

131 


P+~-P + 

Jungmicliel 

25 

80 

11 



Sanger et at. 

49 

99 

11 



present autlmr 180 

430 

49 



Dahr 

194 

505 

277 


p+~P-~ . 

Jungmichel 

13 

32 

21 



Sanger et al. 

34 

53 

21 



present author 86 

150 

62 



Dahr 

50 

4 

173 



Jungmichel 

2 


7 


p p_ 

Landsteiner 

4 


18 



Sanger et al. 

2 


6 



present author 15 

1 

Sd 



Total 

888 

2334 

822 





3156 



The results of family investigations published till now with the exception 
of most of the families of Landsfeiner and Levine. 


On the other hand the application of a biological law to legal cases 
demands an exceedingly vast amount of experience in order to ascer- 
tain, that exceptions to the law do not occur. In this respect especially 

the matings P P — are of interest this combination being the 

only one, ■which ma 5 ^ disclose contingent exceptions. As socalled im- 
possible mother-child combinations as present xvithin the ABO- and 
MN systems, for instance mother O, child AB etc., do not occur within 
the P system (at any rate not till a possible agglutinin against P — 
ma 5 ' be encountered) the significance of matings P — ■ — P — is still 
greater. Disregarding the 5 apparent exceptions as due to illegitimacy 
the remaining 239 P — children indicate that true exceptions to the 
assumed law of inheritance are not encountered. Even if the the 
number of observations is still limited, and consequently the cor- 
rectness of the theory is less certain than for instance the laws 
governing the ABO and MN inheritance, it is considered justifiable to 
state the paternity of an accused man as exceedingly improbable, if 
it is incompatible with the assumed law of inheritance of factor P. 
The presupposition of such a statement is of course a reliable tcchnic 
in testing the bloods, i. e. the examination has to be done by a »blooti 
grouping expert« (16), familiar xvith P grouping, using both animal 
and human sera and checking the agglutination results by absorption 
experiments. The fact, that nevertheless a few children of weak, not 
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fully developed rece])tor strength may falsely be designated P — , does 
not involve any false exclusions of paternity, hut just fails to disclose 
an actual exclusion in the case in question. 

With regard to the inheritance of receptor strength several pos- 
sibilities of exclusion of parentage are present as demonstrated by the 
family material of this investigation. For practical purposes, however, 
»exclusions« have to be limited to the matings P + — P — . Offspring 
from these matings cannot have a receptor strength greater than that 
of the P + parent. In order to obtain reliable results for medico-legal 
purposes it is necessary to ])crform the titrations of all bloods from the 
case in question at the same time, using the same serum and including 
bloods of known strength in the set up. Further the bloods have to 
be quite fresh and preferably all drawn simultaneously, and finally 
the difference in strength must exceed at least two titration steps to 
be significant. Preferably the re.sult may then he used as evidence 
in connection with other circumstances telling agaiirst the paternity 
of the accused man. 

Disregarding the exclusions based on differences in receptor 
strength, the theoretical jicrcentage of exclusions by employing P 
grouping in jiaternity cases is 2.4 per cent. The theoretical percentage 
of exclusions in Denmark using the A,A„BO- and MM-systems is 32.5 
per cent. Subtracting exclusions by more than one system the employ- 
ment of the P system is going to augment the percentage to 34.1 per 
cent. In Denmark the paternity cases, all of which arc tested at the 
University Institute of Legal Medicine, amount to about 2000 a year. 
.4s the actual percentage of exclusions is about 50 per cent of the 
theoretical, exclusions due to P groui)ing shall probably occur in about 
16 cases a j’car. Considering the serious economic and other conse- 
quences, which result from a verdict pronouncing a man the father 
of the child of another man, even this small number of exclusions 
may well justify the inclusion of P grouping into the routine examina- 
tions of bloods from paternity cases. 


Snmiuarij. 

1) After a brief review of the investigations iniblished earlier on the 
heredity of blood factor P, the author’s material is presented. It 
comprises 700 mother-child determinations and a family material 
of 54 families comprising 281 matings with 727 children. 

2) By analysis of the material the results conform with the formerlv 
assumed theory, by which the inheritance of factor P is governed 
by 2 allelic genes P’ and p’, the former dominating over the latter. 
In consequence of this the first rule of hercditij is deducted; a child 
cannot have blood factor P, unless this is present in the blood of at 
least one of the parents. 

Act.-, path. Vol. XXVI. 5 
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3) By titrations of the receptor strength within the family material 
it is evident, that the strength is a hereditary property too, and 
evidence is found, that the strength is transmitted through several, 
closely related, allelic genes, all of which dominate over the gene 
conditioning to the absence of the P factor. The exact number of 
genes for the P factor cannot be estimated, but the variation in 
phaenotypical receptor strength cannot be explained by less than 
3 positive genes, even if the greater receptor strength found in 
homozygotic bloods tends to a dispersal of the phaenotj^pical re- 
ceptor strength. The fact that gene P’ is not an entity but a group 
of genes does not affect the validity of the first rule of heredity, 
as gene p’ is dominated by all positive genes, and as the differences 
conditioned by these genes are quantitative not qualitative. 

According to these considerations a second rule of heredily is 
proposed ; offspring from the mating of a P positive and P negative 
parent cannot have a receptor strength greater than that of the P 
positive parent. 

4) The medico-legal application of blood factor P as applied to cases 
of disputed parentage is discussed. With regard to exclusions ac- 
cording to the first rule of heredity the statement »exceedingly 
improbable^ is proposed for contradictions to this rule. Contra- 
dictions to the second rule, however, are as yet less reliable as a 
means of exclusion, and may preferably be considered together 
with other circumstances telling against the paternity of the ac- 
cused man. The theoretical percentage of exclusions bj' contradic- 
tion to the first rule is calculated to be 2.4 per cent, and the actual 
percentage of exclusions in Denmark by employing P-grouping 
alongside the A^AjBO- and MN-systems is found to be about 0.8 
per cent i. e. about 16 exclusions a year. 
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FROM THE DEPARTMENT OF PATHOLOGY. THE UNIVERSITY OF LVNl) 


SPERMATIC INVASION OF THE EPIDIDYMIS 

Bj' S(e7t Ci'onqrix(. 

(Received for publication July 1st, 1919.) 

Judging by the scantiness of the reports available on sperm inva- 
sion of the interstitial tissue in the epididymis, it would seem as if 
this affection has been given hut relatively little attention. The con- 
dition was first mentioned in 1898 by Beneke in the course of a dis- 
cussion after a lecture hj' Simmonds. In 1922 Cunningham (t Cook 
published an article in Journal of Urology and showed that the con- 
tents of an acutelj' inflamed ruptured ductule will he extruded into 
the stroma and that the consequential abscesses will contain sperma- 
tozoa. Two cases of epididymitis with sperm invasion were described 
in 1924 and 1940, respectively, by Orsos, who, for the first time pointed 
out the possibility of sperm inA'asion being a cause of epididymitis, 
and in 1932 in the section on diseases of the male reproductive system 
in Hencke-Lubarch’s Manual Oherndorfer described a similar case 
with a history of previous epididjmiitis. In Steinberg & Straus's case 
of sperm invasion in a 32-year-old man reported in 1947, there was 
likewise a previous histor 3 '’ of epididymitis. Oberndorf er and Simmonds, 
however, claim that thej"^ liave often observed si)erm invasion and. 
judging hj*^ our experience we are inclined to the view that the affection 
is much more common than might he inferred from the literature. 

A search of the records of the epididjnnis material of a five-j’car 
period, 1944 — 48, at4he Institute revealed the presence of spermatozoa 
in the interstitial tissue to he no rare hj'-finding in cases of non-specific 
epididymitis. In addition hereto 7 cases were seen in which the sperm 
invasion dominated the picture and in which the inflammation was 
confined mainlj' to the area around the invading spermatozoa. These 
cases will now he reported. 

Case Reports. 

Case 1. A. T. .30 yi-.s. (.T. Xr. 200G/4S, Surg. Dept- Lund). In 19ii pat. b.ad 
been admitted for: Status i)ost. uretlirit. subsebron. -b prostatitis ct vcsiculit- 
cliron. -t- epididymitis cliron. Treated in 1917 for: Abscessus prostatae (tuber- 
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incic;'?) A.r»ril 1948: Left epididymis was swollen, indurated and nodular; it 
not tender. There was neither prostatic abscess nor evidence suggestive 
nf mbeiulosis. Epididvmectomy was done on 20th May 1948. The resected epi- 
,t“Ss eSt«d a tlivoua, s.-aaulnv parenchyma. The tail was studded with 

sm.all liard nodules. . . rr.ii 

Microscopic Appearance. Moderately increased connective tissue. The duc- 
tules were somewhat dilated, in some instances tlie dilatation was marked, 



Fig. I. 

Local destruction of the tubular wall with the 
escape of spermatozoa and lively reaction of 
the tissue (Case 1). 


and then the epithelium was low and flattened. In the increased connective 
tissue there was a moderate, diffuse, and preponderantly lymphocytic infil- 
tration as well as ragged-shaped foci. These foci were built up of edematous 
connective tissue and of epitheloid and inflammatory cells mixed with sper- 
matozoa. Neither necrosis nor giant cells were seen. In some areas of the 
ductules the epithelium had undergone destruction and exhibited perforations 
through which the ductular contents were able to escape into the stroma. 
Tliere urns thus intercommunication between the ductule and the inflamma- 
tory focus (Fig. 1). In addition hereto many of the lymph vessels were filled 
with sperm (Fig. 4) . 

Case 2. N. 0. R. 40 yrs. tJ. Nr. 18G3/4G. Horby Hosp.). 1944: non-specific 
urethritis. June 194G; acute left epididymitis which passed into a chronic state, 
with persistent enlargement and pain. December 1946: epididymectomy. Epi- 
didymis: sM'ollen and nodular with a pea-sized abscess near the border of 
the testis. 

Microscopic Appearance: Increased interstitial tissue with sparse inflam- 
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matoiy cellulai’ infiltrates. The ductules were dilated and contained an abun- 
dance of sperm. It was observed that in a few scattered areas through a par- 
tially destructed epithelium the spermatozoa had been forced out into the 
surrounding tissue where they were surrounded by a lively inflammation 
with giant cells and a number of epitheloid cells. Several granuloma-lilce foci 
were likewise observed. The foci were built up of edematous connective tissue 
and epitheloid and inflammatory cells with spermatozoa. Accumulations of 
spermatozoa were found also in the proximate lymph vessels. 



Fig- 2. 

»Foreign-bod}’'granuloma« in the interstitial 
tissue ^Case 7). 


Case 3. M. P. 32 yrs. (J. Nr. 435/48. Landskrona Hosp.) • Smce m ^ains in 
the back and down along the groins. There was no d'scomfoi t f i om ^ 
tion but occasional acute pains and a sensation o ^nd cul- 

of weight. Acid-fast bacilli were found in the urmc. epidi- 

ture gave negative results. X-ray: no evidence of dQ^e on 

dymis, however, slightly enlarged and tender. Epidi y 
2Gth Feb. 1946. lissuc. 

Microscopic Appearance. No increase of the d enormous 

The ductules were dilated considerably and m some cases conta 
accumulations of spermatozoa, occasionally also fibi m lubules the 

colls. The epithelium was as a rule low and flat. In some g^,.. 

wall had undergone destruction and the contents been foi ^r.T,p;;rn-boclV' 
rounding stroma where thej' were surrounded b> h\e . » 

rcaction«. inriimtcd 

Scattered deposits of iron pigment seen in the intcrstitia i 

an earlier trauma. 
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rntr 4. s. E. G. 50 yrs. (.1. Nr. 2685/48. Norrkoping Hosp.). 1941: cystitic 
•rniitnms and later (hat year right epididymitis. Dec. 1948: swollen testicle 
i-i"ht epididymitis. No trauma. No urethral discharge. Epididymis was 
iVqH nodular and tender. Testis: smooth, tense and clastic, vas deferens 
Wewhat thicker than a lead-pencil. Epididymectomy was done on 7th 
Jan. 1949- The gross appearance of the resected epididymis resembled that 

qecn in chronic epididymitis. , , , 

Microscopic Apj^earancc: The epididymis was very fibrous and showed 



Fig. 3. 

Enlargement of previous iiicture. Some sperma- 
tozoa arc seen intcrccllulary, others in a giant 
coll. 

moderate cellular infiltration. Scattered granulation foci containing an 
abundance of spermatozoa and epitheloid cells wore likewise observed. The 
ductules ^Yere dilated but in most cases the epithelium was preserved. The 
epithelium had in one or two areas undergone destruction; in these areas 
the ductular epithelium had been replaced by a pale granulation tissue with 
rich accumulations of spermatozoa. Distally to this destruction there was 
evidence of a more marked inflammation with stroma loosened by edema and 
infiltrated with round cells and numerous leukocytes. 

Case a. B. J. 27 yrs. (J. Nr. 41/46 Eksjd Hosp.). 1942; Admitted for: Epididy- 
mitis dx. No evidence of tuberculosis. October 1945: recurrent right epididy- 
mitis. On admittance in Jan. 1946 the right testis and epididymis Avere slightly 
swollen and somewhat tender. Epididymectomy was done on 11th Jan. 1946. 
The resected epididymis was possibly slightly enlarged and somewhat fibrous 
but no clear-cut macroscopic evidence of pathologic changes xvere to be seen. 

Microscopic Appearance. The epididymis was moderately fibrous. The in- 
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terstitial tissue was increased and in some areas there were rich accumuh- 
tjons of diffuse cellular infiltrates, whilst in other areas the infiltration was 
rather scanty. Scattered areas of the connected tissue had been loosened In- 
edema and these areas had been infiltrated by spermatozoa and round cells. 
Most of the ductules of the epididymis seemed somewhat dilated, and a few 
of them contained traces of pus and of sperm. 

Case 6. G. J. 32 yrs. {J. Nr. 2213/46 Karlskrona Hosp.). May 1946 treated 
for acute non-specific right epididymitis. One week after discharge the symp- 
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Fig. 4. 

.Accumulation of spermatozoa in a lymph vessel 
(Case 1). 


toms returned. The tail of the right epididymis, which was rather firm and 
nodular, had swollen to the size of a large walnut. There was no tenderness, 
neither were there signs of tuberculosis. Epididymectomy was done on the 
12th June, 1946. The operation specimens showed macroscopic changes in 
the tail only. 

Microscopic Appearance. The stroma of the epididymis w'as very fibrous. 
Some of the ductules had been destroyed by fibrous granulation tissue, whilst 
others were to a varying degree obliterated by the proliferating epithelium- 
The tissue, extensively infiltrated by lymphoc}des and leucocytes, displayed 
isolated rounded foci in whose centres the stroma had been loosened and bad 
been the site of histiocytic elements, lymphocytes, and leucocytes, as well as 
abundant spei-matozoa which were also on their way out into the sur- 
roundings of the granuloma. 

Case 7. G. S. 53 yrs. (J. Nj-. 2161/48 Surg. Dept. Halsingborg Hosp.). In De- 
cember 1948 cystic cataiTh with high fever followed by a swelling and red- 
dening of the left half of the scrotum with pain radiating along the sper- 
matic cord. No urethral discharge. Local condition on admittance; left half 
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of scrotum swollen. The skin of the scrotum was loose. Left epididymis was 
abnormally thick; the spermatic cord was also swollen. After the acute in- 
flammation had subsided there persisted a hard tender swelling of the epi- 
didjonis. Examination disclosed no evidence of tuberculosis. Epididymectomy 
was done on the Gth Sept. The cut surface of the resected epididymis showed 
no definite macroscopic changes. 

Microscopic Appearance: Epididymis had been the site of marked inflam- 
matory changes. The ductules were to a varying degree dilated. Some of 
them were lined with what seemed to be a stratified squamous epithelium, 
others by practically normal epithelium. They contained retained secretion 
and an abundance of spermatozoa. The interductular tissue was inci-eased 
and fibrous and showed abundant lymphocytes and leukocytes as well as 
granuloma-like foci in whose centres were lodged spermatozoa and some 
eosinophiles, leucocytes and large epitheloid elements. In the periphery, were 
a number of giant cells containing in their cytoplasm spermatozoa — partly 
apparently preserved, pajdly destroyed. Isolated accumulations of sperma- 
tozoa were seen on their way out to the surrounding tissue (Fig. 2 and 3). 


A report is given of 7 cases of sperm invasion of the interstitial tissue 
of the epididymis. Common to all is primarily the fact that the inflam- 
matory changes are most marked and are mainly confined to the site of 
the spermatozoa in the interstitial tissue, where they form granuloma- 
like foci (see Fig. 2), and secondly, that the ductules of the epididymis 
are dilated and filled with sperm (except in Case 6). In the first four 
cases the granuloma-like foci are in communication with the ductules 
via a lesion in the wall of the latter (see Fig. 1). Five of the cases 
had a history with a previous epididymitis, in four of them more than 
1 year before, and in one case, only 1 week before the examinations in 
question. In another case the patient had previously had cystitis, whilst 
in the remaining case the presence of iron pigment was suggestive of 
earlier trauma. 


Discussion. 

As mentioned in the introduction, the occurrence of sperm in the 
interstitial connective tissue is not an infrequent by-finding in acute 
epididymitis. Microscopic examination of the resected epididymis often 
shows an increased interstitial connective tissue infiltrated with lym- 
photytes, leucocytes, and plasma cells. The tubules have generally 
been transformed into abscesses containing inflammatory cells, shed 
epithelial cells, fibrin and sometimes a varying amount of sperm. The 
epithelium lining the tubule had frequently undergone total de- 
struction and one sees how the contents are forced out into the sur- 
rounding stroma and even into the lymph vessels. In all of these cases 
it seems obvious that the widespread inflammatory changes have 
caused lesions of the walls of the ductules and thereby allowed the 
spermatozoa to escape into the interductular tissue. 

In the 7 cases described above, however, the inflammatory changes 
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seen in the resected epididymis are essentially confined to the site of 
the sperm invasion, and the question whether the intruding sperm are 
responsible for the inflammatory reaction seems to be motivated. In 
these cases one might imagine an inflammatory reaction directed 
against a physiological substance analogous to the »foreign-body-reac- 
tion« against urine (Helmke) and mucus {Hamperl). 

Steinberg & Straus envisage three causes of spermatic invasion; 

1. Active spermatic invasion through intact ductular epithelium, 

2. Focal inflammation with ulceration of the epithelium, 

3. Degeneration and atrophy of the ductular epithelium. 

Orsos believes the first possibility to be responsible for the affection 
in his two cases, in which an inquiry into their histories disclosed no 
evidence of an earlier inflammatory affection of the reproductive sy- 
stem. He bases his opinion on his own observation of the site of the 
sperm isolated spermatozoa at a considerable distance from the 
foci proper some even lodged in connective tissue cells — and 
partly on the fact that he was unable to detect any epithelial rupture 
to permit the escape of the sperm, and partly on Koivalewskg’s obser- 
vations, according to which spermatozoa are able to penetrate different 
tissues of the leech. The ability of the sperm to penetrate intact epithe- 
lium cannot, of course, be excluded, but Lebner’s observation that an 
intact membrana propia arrests the further migration or penetration 
of sperm argues against this possibility. Moreover, it should be borne 
in mind that a possible focal destruction of the epithelium is very 
quickly repaired thanks to the extraordinary regeneration capacity of 
this tissue (Oberndorfer; Kxjrle & Schopper). A defect occurring in 
the epithelium simultaneously with the onset of the innammatlon 
and permitting the escape of sperm would most probably have healed 
by the time of the operation so that, as far as the epithelium is con- 
cerned, the microscopic picture of the resected epididymis would be 
normal. 

As to the second possibility, focal inflammation with ulceration 
of the epithelium, acute inflammation is undoubtedly able to lead to 
a destruction of the epithelium and the ductular wall and thus permit 
the escape of the spermatozoa into the surrounding tissue (Cunning- 
ham & Cook). This is what happened in the cases briefly referred lo 
in the introduction in which the spermatic invasion was observed as 
a by-finding in acute epididymitis, and also in Oberndorfer's case of 
subsiding epididymitis, in which he saw spermatozoa in the .stroma 
outside the more or less damaged ductules. Steinberg & Straus believe 
that the history of a previous acute epididj^mitis in both Oberndorfer .s 
case and their own argue for the assumption that sperm invasion had 
occurred via a focal destruction of the tubular wall caused by the 
earlier inflammation. Two of. the four cases reported earlier in the 
literature and two of my own in which there was no previous history 
of epididymitis, as well as Steinberg & Straus's cases and four of my 
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lory changes around the sperm all cases showed dilated tubules with 
flattened epithelium and signs of stagnation. In four of the cases there 
w'as direct communication between the granuloma-like foci and the 
ductules. There was a history of a previous epididj'mitis in five of 
these seven cases. 

In the discussion it is pointed out that the localization of the in- 
flammation around the invading sperm motivates the question whether 
the inflammation is to be ascribed to the intruding sperm — »foreign- 
body-reaction«. 

Possible causes of spermatic invasion are also discussed. It is 
believed that the most probable explanation of the condition is an 
increased inlratubular pressure which, judging by the microscopic pic- 
tures, was present in six of the author’s cases and in 2 of the four 
cases reported in the literature. It is possible that the increased pres- 
sure alone might be sufficient to rupture the wall, but it is held more 
probable that the rupture is due to the simultaneous effect of in- 
creased intralubular pressure and locally decreased resislence of the 
W’all of the tubules due to an earlier or active inflammation. 
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SKIN TUMOURS PRODUCED IN MICE BY CARCINO- 
GENIC HYDROCARBONS SOLUBILIZED IN 
AQUEOUS SOLUTIONS OF ASSOCIATION 
COLLOIDS. L 

By Per EUwall and Kai ScUila. 

(Received for publication February 14tb, 1949-) 

In u previous paper concerning the solubilization of certain car- 
cinogenic hydrocarbons by association colloids, EkwalP has observed 
Hint above their so-called critical concentration for micelle formation, 
association colloids of different types have the ability to bring car- 
cinogenic hydrocarbons into aqueous solution. Further, it was found 
lhat the solutions obtained were clear, absolutely homogenous and 
stable. The solubility of hydrocarbons increased in some cases in the 
same proportion as the concentration of the colloid, and in other cases 
as the square of the colloid concenlrationh It was also found that 
when i>ainlcd on the skin of mice the carcinogen was rapidly assimil- 
ated and the fluorescence microscope revealed that the carcinogen 
(changed and/or unchanged) had accumulated in the same places as 
when applied by painting with an acetone solution of the hs’dro- 
carbon^. 

Carcinogenic hydrocarbons arc fat-soluble and practically in- 
soluble in water. Fat-solvents (benzene, acetone, chloroform, etc.) 
hnvc therefore been used as carriers and spreaders of these sub- 
stances'. For subcutaneous, intravenous or oral administration they 
are. however, out of the question. Also, certain experiments, c. g., 
investigations with added substances (»cocarcinogenesis«) which are 
not always fat-sol ublo, exijeriments concerning the elimination of the 
carcinogen, but especially the study of certain surface-chcmical pro- 
I'crlics of the carcinogens as well as numerous chemical and biological 

aspects, cannot be carried out in such fat dissolving (often toxic) 
media. 

Ihoreforc. numerous attempts have been made to circumvent this 
untlalion of insolubility in water. None of the methods reported in the 

Ti-h. Vol. XXVt. <; 
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literature have been ideal for all purposes: some of the »solvenls« have 
been toxic, the concentration of the carcinogen has been too low, the 
suspended particles coarse, the solutions have not been stable, etc. 
It may be mentioned especially in this connection that Weil-Malberbe 
introduced the 1. 3. 7. 9-tetramethyluric acid as a solubilizer for benz- 
pyrene^'’.^h He gave two series of mice a single injection of 0.3 c. c. of 
a 5 per cent aqueous solution of tetramethyluric acid saturated with 
benzpyrene (about 0.2 mg per mouse). Among 21 mice alive after 8 
months only one sarcoma arose locally (5 months after injection). 
Gummel and Rarei^^ used sodium cholestenone sulphonate solutions 
as carriers for benzpyrene. After 5 months they found degenerative 
changes in parenecymatous organs but no tumours. Fieser and New- 
man'^, and Shear and collab,^--^* have studied the carcinogenic po- 
tency of the water-soluble sodium salts of chloric acids of desoxy- 
cholic acid with carcinogenic hydrocarbons. They obtained tumours 
when the solutions xvere subcutaneously administered. Starrier^* has 
prepared suspensions of a synthetic compound called »Postonal« (a 
derivative of polyethylene oxide). The suspension xvas, however, un- 
stable and it had to be employed within one hour. has 

used certain water-soluble polyethylene glycols (both liquid and solid) 
as carriers for some carcinogenic hydrocarbons, and has observed that 
when e. g., the solid »Carboxvax« (trade mark for certain polyethylene 
glycols) was used as spreader for the carcinogen, the hydrocarbons 
presumably permeate easily into the tissues. It was also found that 
treatment of the mouse skin with carcinogenic hydrocarbons dissolved 
in these compounds resulted in multiple, progressively growing tu- 
mours. 

As mentioned above, Ekwall and SetiiliF have found that aqueous 
solutions of association colloids, such as sodium myristate, oleale, 
myristyl sulphate, cholate, »Triton NE«, etc. are able to solubilize the 
carcinogenic hydrocarbons. Experiments concerning the activity of the 
carcinogenic hydrocarbons solubilized by different association colloids 
are now' in progress. The present paper deals with the production of 
cutaneous tumours in mice treated with 9.10-dimethyl-I.2-benzantiira- 
ceno solubilized in aqueous sodium cholate solutions. 


Material and Methods. 

Experimental animals. — The mice — about two months old at 
the beginning of the experimental series — w'ere of a mixed strain. 
The animals were divided into subgroups, 10 mice in each. 

The mice wmre painted three times w'eekly on a large area of I le 
back for a definite period after which all the animals were killed on 
the same day. 

Incidence of tumours. — ■ This w'as estimated as mentioned in our 
previous comnumications, ^ 

The carcinogenic compound. — As carcinogen 9.10-dimcthyi-l-' 
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benzanthracene (Eastman Kodak Company, Rochester, N. Y.) xx'as 

Solvents. — The sodium cholalc solutions were prepared in the 
foUo^Ying manner: cholic acid (Hoffmann-La Roche, Basle) was dis- 
solved in the smallest possible amount of absolute ethyl alcohol by 
warming, and then neutralized with an equivalent amount of sodium 
ethylate in absolute alcohol. A part of the alcohol was removed by 
dislillaiion and the sodium cholate which crystallized out on cooling 
was filtered and dried. Aqueous solutions of the salt were prepared b^’’ 
dissolving in conductivity water. Twenty per cent and eight per cent 
aqueous sodium cholate solutions were shaken with finely powdered 
9 . 10 -dimcthyl- 1 . 2 -bcnzanthracene in a thermostat at 40° C until the 
solutions were saturated with the hydrocarbon. Excess hydrocarbon 
was separated by filtration, after which the solutions were diluted 
with the corres])onding pure sodium cholate solutions to prevent the 
separation of the hydrocarbon by crystallization owing to the cooling 
to room temperature or the slow evaporation of water. The strongly 
fluorescent solutions of aqueous sodium cholate contained 2500 mg. 
carcinogcn/1000 c. c. in 20 per cent solution. 

For control jnirposcs the following solvents were used: reagent 
grade acetone, anhydrous lanolin, solid s'Carbowax 1500«, and dioxanc. 
In liquid solutions of the control series the concentration of the car- 
cinogen used was 0.03 to 0.3 per cent, and in the solid solvents 0,25 per 
cent, respectively. 


Results. 

Inculcncc of iumanrs (Fig. 1). 

.Sodium cholate as carrier for the carcinogen. — By the 4th week 
of the experiments (i. c.. after 12 applications of the compound) the 
first animals showed a distinct epilation. The first (multiply growing) 
tumours appeared by the Otli week (25 applications). Thcsc\anim,als 
showed no complete cj^ilation (Fig. 2). Warts were present in 50 per 
cent of the animals by the 12lh week (35 applications). In the re- 
maining mice multiple, progressively-growing Avarts developed in a 
very short period, so that after about 13 weeks from the beginning 
of the experiment (40 applications) all the animtils had tumour.s. 
I Icerations as well as other symptoms indicating malignancy were 
seen after 10 weeks (45 applications). Warts appeared simultaneously 
or at short intervals in the treated (wholly epilated in most animals') 
Mvin at varying distances from each other, but they quicklv became 
confluent and formed single tumours (Fig. 3). 

The animals endured the treatment with sodium cholate solution 
"e and gained in weight. .-Ml the mice survived until thev wore killed 
on liic HKh week of the experiment (55 applications), The'averagc time 
'* response^ in those series was about weeks. 

Acetone as carrier for the carcinogen. — The ejulation procc.ss 


55 * 
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began somewhat earlier than in the foregoing experiment (after about 
2 weeks from the beginning of the experiment). But bj^ the 5th week 
there was a distinct regrowth of the hairs. »The average time of 
response« in these series was about 6 to 7 weeks (0.3 and 0.03 per cent 
of the carcinogen) . 

Dioxane as carrier for the carcinogen. — The first warts developed 




ACETONE-DMBA (003 V,) 
ANHYDROUS LANOLIN-DMBA(02&''.) 
CARBOWAX-D(VISA (026X1 
SODIUM CHOLATE-DMBA 


Fig. i. 

Incidence of cutoneous tumours following the treatment witii 9.10-dime(li})- 
1.2-benzanthracene in various solvents. 


by the 14th week (40 applications). x>The average time of rcsjionscc 
was about 14 weeks. 

y>Carboivax 1500« as carrier for the carcinogen. — The epilation 
process was (as mentioned earlier®) comparatively weak. The first 
tumours appeared after about 11 weeks from the beginning of the 
experimental series. »The average time of response« was about 1* 
weeks. 

Anhydrous ianolin as carrier for the carcinogen. — The first 
tumours appeared by the 9th week of the experiment. >The average 
lime of responsec was about 9 weeks. 



Fid- 


Mouse Xo. 27/0. Multiple warts after 33 applications of the carcinogen 
aipieous sodium cliolate solution. 


in 


Sept. 4, 7948 . 

51 applications (5 x v-ly) of DJSBA 
in sodium cholate. 



Fig. 3. 

Mouse Xo. 27/1. Warts becoming ulcerated and confluent. 'I'lie )>botograpli 
taken after 51 applications of the carcinogen in aqueous smlium cliolate 

solution. 

^licroscopic data. 

The most common lype of culancous carcinoma produced by 9.10- 
dimethyl-1.2-bcnzanthraccnc dissolved in sodium cholalc solution was 
the squamous cell carcinoma with cornification (Fig. 4). In the 
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majority of case$ the tumour cells underwent parakeratoUc cljanges 
instead of normal keratinization. 

In some cases the microscopic appearance of the cutaneous changes 
varied from that mentioned in the foregoing: the hyperplastic and 
hyperkeratotic epidermis formed a great number of downward pro- 
jections with invasive properties. 

It may be said that the tumours (both innocent and malignant) 
produced by the carcinogen solubilized in sodium eholatc solution 
differed in no way from those seen in experimental skin carcinogenesis 
in mice. 



Fig. 4. 

Squamous cell carcinoma with cornification and parakeratoUc changes. 

Mouse No. 27/J. 


Discussion. 

Summarising all the observations mentioned above we may presenl 
the following: 

( 7 ) By using aqueous solutions of sodium cholate as ?>solvent« and 
carrier for 9.lO--dimethyl-I.2-henzanthraccne it was possible to induce 
cutaneous tumours in mice. 

(2) When used in skin paintings this colloid seemed to be non- 
toxic to mice. All the animals survived tmlil the end of the experi- 
ment. 

(3) The tumours induced seemed to have a tendency to grow as 
multiple tumours from the very beginning. 

Association colloids are characterized b5’ the fact that the colloid 
particles in their solutions are formed hy the association of single 
molecules or ions of the substance in question and that a reversible 
equilibrium exists between the molecular-disperse and colloidal ele- 
ments. The stale of equilibrium varies with the concenlralion. At high 
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dilutions only single molecules or ions are present. Beginning at a 
certain concentration, which is referred to as »the critical concentra- 
tion for micelle formation«, association sets in and leads to the forma- 
tion of colloidal aggregates, micelles. At high concentrations the col- 
loidal substance predominates. 

The substances which form association colloids in aqueous solu- 
tion exhibit as a consequence of their molecular structure a distinct 
dualism in their behaviour towards water. Their molecules always 
contain on the one hand a polar group which is hydrophilic in char- 
acter and forms the water-soluble part of the molecule (e. g., an ionized 
carboxyl-group). On the other hand, the molecules contain a relatively 
large hydrocarbon group which is by nature hydrophobic, but also 
lipophilic, and hence forms the part of the molecule which is insoluble 
in water, but soluble in fats. 

The alkali salts of the higher fatty acids, the soaps, are the earliest 
known and the most thoroughly studied representatives of the group 
of association colloids. Investigations of the last decade have attempted 
to provide information of the structure of the colloid particles, the 
micelles. At least in the most concentrated solutions they are built up 
of layers of parallel fatty acid ions with all the ionized carboxyl-groups 
in each layer pointing in one direction. Two of these layers are always 
grouped together in a manner such that the hydrophobic hydrocarbon 
faces of the layers are opposite to each other and the hydrophilic 
carboxyl faces are outward against the solvent water. The micelles 
formed in this manner are capable of occluding substances which are 
fat-soluble but insoluble in water, e. g., hydrocarbons such as benzene, 
hexane, decane, xylene and the like. X-ray investigations have revealed 
that the hydrocarbon molecules arc situated inside the micelles be- 
tween the hydrocarbon faces of the layers. Solutions obtained in this 
manner are both clear and stable. This solubilizing ability is only 
found in solutions that contain micelles, that is, solutions whose con- 
centrations exceed the critical concentration. As mentioned above, we 
have found that salts of the higher fatty acids and other association 
colloids (e.gr., sodium myristate, oleate, myristyl sulphate, cholate, 
»Triton NE«), are also able to solubilize carcinogenic hydrocarbons 
and we have every reason to assume that their molecules are also con- 
tained in the micelles in a similar manner as the lower hydrocarbons. 

Some years ago McBain and collab.® called attention to the fact 
hiat in aqueous solutions the salts of bile acids have properties which 
m many respects resemble those of the fatty acid salts and other 
association colloids and should therefore be included in this group. 
This opinion has since gained considerable favour". Our own studies 
of the ability of the bile acid salts to bring high- and low-molecular 
hydrocarbons into solution substantiate this, although it seems that 
they do in some respects differ from the basic type as exemplified 
y the ordinary soap^- =• The critical concentration for micelle for- 
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mation of the sodium cholate which we have employed in our expcri- 
menst is about 0.8 per cent (as determined by the fluorescence 
method 

The solubilized hydrocarbon is occluded inside the micelle in a lipo- 
philic environment. The micelles are in turn surrounded by water (or 
more correctly, by a dilute solution of molecular-disperse soap, etc.). 
In an association colloid solution we thus have a solution which is a 
combination of hyprophilic and lipophilic media and which differs in 
a characteristic manner from most of the ordinary types of solutions, 
hut may in certain respects approximate the conditions extant in the 
living cell (?). 

The solutions under consideration have a low surface tension. They 
can he easily spread on the skin and penetrate into it readily. In this 
manner the micelles transport the occluded carcinogen with them. 
When they come into contact with the fat deposits in the cells they 
surrender a part of their carcinogen as is shown by our observations 
with the fluorescence microscope. These shoxv also that the carcinogen 
enters the living cells. The observations made thus far did not reveal 
whether this transportation takes place together with the micelles or 
whether the carcinogen enters the cells through the lipophilic mem- 
brane in molecular form. 

Our investigations have shown that the carcinogens maintain their 
activity in association colloid solutions (both 9.10-dimethyl-1.2- 
benzanthracene and 20-methylcholanthrene, unpublished). Painting 
w'ith these solutions may offer a milder mode of application than when 
acetone, benzene, dioxane and other solvents are used. It thus appears 
that this method of introducing carcinogens solubilized in association 
colloid solutions would offer a number of advantages over the methods 
of application previously' employed. 


Summary. 

The evidence jiresented jjroves that the epidermis of the mouse 
skin is capable of producing tumours — both innocent and malignant 
— when aqueous solutions of sodium cholate are used as carrier and 
spreader for 9.10-dimethyl-1.2-benzanthracene. Painting with these 
solutions may offer a milder mode of application than xvhen »ordi- 
nary« fat-solvents arc used. 

The nature and characteristics of association colloids in genera! 
arc discussed. 
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SKIN TUMOURS PRODUCED IN MICE BY 
CARCINOGENIC HYDROCARBONS SOLUBILIZED IN 
AQUEOUS SOLUTIONS OF ASSOCIATION 
COLLOIDS. II. 

By Kai Set&lci and Per Ekwall. 

(Received for publication February 14tb, 1949.) 

Clear, homogenous and stable aqueous solutions of carcinogenic 
hydrocarbons can be prepared with the aid of association colloids, 
as Ekwall and Setdlci have shown^- These solutions penetrate readily 
into the tissues and the micelles transport the solubilized carcinogen 
with them-- •'*. Our first task is to investigate whether the carcinogens 
maintain their tumour producing power in these aqueous solutions. 
If this is the case, we will compare the carcinogenic potency of the 
hydrocarbons in the different aqueous associations colloid solutions 
with their potency in earlier used solvents. 

The following will be an account of the results of experiments in 
which 9,10-dimethyl-l, 2-benzanthracene, solubilized in aqueous Triton 
NE solution, has been painted to the skin of mice. 


Technique. 

The general investigation technique employed in the present work 
was essentially the same as that previously used by the writers®- *. 

»Triton NE« (Rohm & Haas Company, Philadelphia) is the 
name of a commercial product of w'hich the colloid forming substance 
is an alkyl aryl polj'ether alcohol. In water solutions this material 
acts as a non-ionogenic association colloid forming micelles, which arc 
capable of solubilizing carcinogenic hydrocarbons. The critical con- 
centration for micelle formation of the commercial preparation >s 
about 0.06 per cent. 

The Triton NE preparation is a viscous aqueous solution which m 
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vacuum over phosphorus penloxide loses 67.6 per cent of its weight, 
the rcciduc being an extremely viscous liquid. The preparation obvious- 
ly contains some electrolytic impurities. The P[, value of the twenty 



FiO- i- 

Incidence of local cutaneous tumours following trealinent with !).10-dimetliyl 
1.2-hen7.anthraceno di.ssolved in: 

.\ = acetone (0.03 per cent carcinogen), 

B = »Triton NE« solution (0.07 per cent), 

C = Anhydrous lanolin (0.25 per cent), 

D = Sodium cholato solution 0.25 per cent), 

E = nCarbowax 1500« (solid) (0.25 per coni). 

Abscissae: days (duration of treatment), 

Ordinates: per cent (incidence of lumour.s). 


i MOV. 11, 1948 » 

i 39 applications of DI\iBA 
i in Triton NE 



Fig. 


Cutaneous lumouj-s indued l,y 39 a„plie„,i„„o ,„e en.cinogen solul, insert 
m »Tiitou NE« solution. No distinct epilation of the skin. 
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Dec. 5, 1946 . 

50 apL,]ications of DM3A 
in Triton NE 




\ 1 "^' i.V 




v! ' - ' ■' 


Multiple tumours in a mouse induced by 50 applications of the carcinogen 
solubilized in »Triton NE« solution. No distinct epilation. 

per cent solution is 7.4. The strongly fluorescent »Triton NE« solutions 
contain about 700 mg. carcinogen in 1000 c.c. of the 20 per cent solu- 
tion (0.07 per cent). 

Results. 

In some experimental animals the changes indicating epilation of 
the skin began by the 3rcl week of the experiment. The hair began. 
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however, lo rogrow. Aflcr Ihe 7lh week of the cxperimenl all animals 
Averc fully haired. There was no distinct epilation in the tumour 
hearing animals cither (Figs. 2 and 8). The first — .solitarily growing 
warts appeared by the 6th to 7th .weeks of the experiment (cor- 
responding to 17 applications of the carcinogen). All surviving aniimals 
(8) had tumours l)y the Mth Aveck of the experiment. The average time 
of re.sponsc was about 9 Aveeks (about 28 aj)pljcalions of the car- 
cinogen). 

Microscopically the tumours were like those seen in exj)erimcntal 
carcinogenesis in general (Fig. 4). 


Discussion. 

9,10-dimcthyl-l,2-henzanthraccnc maintains its carcinogenic po- 
tency in aqueous solutions of the non-ionogcnic association colloid 
Triton NF. The average time of response in different solvents varied 
vary little. In Triton NE solution it was somewhat longer than in 
acetone but a little shorter than in anhydrous lanolin. s'CarhoAvax 
150fl« and in aqueous sodium cholate solutions (Fig, 1). 

It became evident already in the early Avork on carcinogenesis that 
the nature of the solvent plays an important role in the carcinogenic 
response of the tissues. A jiroper understanding of this .^solvent cf- 
fecl«' is still lacking. It has been suggested that this effect might he 
correlated with differences in the elimination rate of hydro- 
carbons'’' We still know, however, comparatively little about 
these phenomena. For the investigation of these j)rohlctns it would he 
of A’aluc if the carcinogenic hydrocarbons could he ap])lied in carriers 
Avith different physical and chemical characteristics. In this rcsjAect the 
fairly avcII characterized solvents Avhlch avc have examined offer ncAV 
possibilities. This is the case as concerns the water-soluble poly- 
ethylene glycols (»CarhoAvax«)' as aa’cH as the aqueous solutions of 
the a.ssociation colloids'.-.'’. Especially the properitics of the latter 
can be varied Avithin Avide limits. 


Snmmanj. 

Data have been presented that indicate that 9,10-dimcthyl-l,2-henz- 
anthracene maintains its carcinogenity also in >'Trilon NE« solutions 
(the colloid forming substance is an alkyl, aryl polycther alcohol). 
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THE VASCULAR RESPONSES OF THE MOUSE SKIN 
TO MUSTARD GAS 

By Lciv Krcybcrg and Odd Eminv Hansscn. 

(Received for publication May 19th, 1949.) 

The effects of mustard gas on the living organism have been in- 
tensively studied since the introduction of this war gas during the 
First World War, and the main clinical picture of the local, as well 
as the general injuries, were well established befoi'c the out-break of 
the last war. The finer mechanism of the development of the tissue 
damage was, however, little known. In the liope of finding an effective 
treatment, a large amount of research work was instigated, and the 
pertinent literature is considerable. 

It has been shown that mustard gas reacts with many proteins, 
and with some of these in a special manner, ft has further been 
established that mustard gas inhibits certain enzymes, hexokinase 
especially, with ensuing changes in the cell metabolism. Boursnell 
(1948) and Needham (1948) have given a valuable review of our pre- 
sent knowledge and its limitations. 

Regarding the vascular reactions to mustard gas, the literature 
gives little information. Cameron and Short (1944) observed an in- 
creased vascular permeability in the skin of rabbits a ferv minutes after 
the application of mustard gas, according to a ])aper quoted by Cul- 
lumbine (1947). These observations were confirmed bj" Cnllumbine 
and Rijdon (1946) observing the reactions in rabbits and in man, and 
by Young (1947) in experiments with rats. These students used the 
intensity of staining with trypan blue as an indication of the vascular 
reaction. Young (1947) also examined the edema quantitatively and 
found formation of edema in the injured area during the first 12 — IS 
hours after the application of mustard gas. Later the edema dis- 
appeared gradually, until the fluid content of the skin again was 
normal 72 hours after the application. 

Cnllumbine and Rydon (1946), in skin treated with mustard gas, 
found a leucotaxin-like substance, which again produced an increased 
■''ascular permeability (diagnosed by the staining with trypan blue). 
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They further found that a proteinase {Beloff and Peters, 1945) pro- 
duces this leucotaxin-like substance hy digestion of certain proteins, 
and Peters (1947) suggests that a proteinase is of importance for the 
blister formation. 

These observations indicate that vascular reactions are among the 
first responses of the organism upon the application of mustard gas. 
The observations by Ricker (1924), Levy (1929), Kreijberg and Rotncs 
(1931), Kreijberg (1948) and others indicate, that it would be of 
importance to establish whether mustard gas produces true stasis or 
not and in case, to ascertain the possible role of stasis in the develop- 
ment of mustard gas necrosis. 

Pullinger (1947) observed the vascular reactions to mustard gas 
hy direct observations in vivo in the ears of mice. She found that »blood 
circulates through the lesion for a few' days after necrosis has oc- 
cured and patent lymphatics traverse it. Vascular occlusion occurs 
after 6 — 9 days«. In another passage in the paper is stated that: »Tbe 
maintenance of a blood circulation after the appearance of coagulation 
necrosis rules out death hj' vascular occlusion and infarction. Occlusion 
occured 4 — 7 days later«. 

In a series of preliminary experiments the waiters of the present 
paper found a certain lack of agreement with the findings of Pullinger, 
and w'e decided to study the problem further, using another technique. 
The results w'ill be presented below'. 


Technique. 

A strain of hairless mice (recessive hairless) w'as used in the cxpei'imcnl. 
The animals wei’e of both sexes, and all of them were adults. Special care 
was taken that the skin w'as free from w'ounds or scars. By means of a capil- 
lary pipette a very small drop of undiluted mustard gas was applied in the 
lumbar region at the centre of the back. In one of the test series mustard 
gas W'as also applied to one ear and in the neck. The amount applied alway.s 
I'csulted in necrosis, w'hile the general condition of the animals w'as largclj 
unchanged during the observation period. 

The vascular reactions in the areas of application w'ere studied according 
to the procedure described by Krcybcrg and Rolnes (1931) and Kreijbera 
(1018). The colloidal stains, lithium carmine and trj'pan blue, were injected 
intrapcritoneally at various time-intervals after the application of the gas. 
The staining of the tissue in the area of application indicated the condition 
of the vessels and the circulation through them. In addition, intraperilonca 
injection of the crystalline in stain, fluorescein, was used, and observed b} 
means of ultra-violet light, as described by Lange and Bogd (19i3). Com- 
plementary experiments using Indian ink w'cre carried out in parallel senes. 
The ink was injected intravenously in a tail vein, or, w'hen this was impos- 
sible, intracardiatly under ether narcosis. The absence of penetration in the 
area of application was interpreted as a sign of obstruction of the vessels, n 
the surrounding vessels contained a profusion of grains of Indian ink. 
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The observations were confirmed, as the skin was fixed after the cxperi- 
wirtTif finiivdrated clGcived in xylol and embedded in Canada balsam* 

In’ addition, hikological examination of the skin of the area of application 
of the gas was carried out at stages corresponding to the injections of the 

stains. 


Experimental Results. 

In the course of the first 5—10 minutes a light hyperemia could 
he observed followed by a slight cushion-shaped swelling, after which 
the hyperemia disappeared. In accord with Cullumbine and Rijdon 
(1946) and Young (1947) we found staining in the area of application 
after few minutes, if lithium carmine was injected immediately fol- 
lowing the application of the gas. The animal did not show general 
staining until 1 — 2 hours later, and at this time the area of applica- 
tion was intensely red. Lithium carmine is adsorbed to the plasma 
proteins. The observations may indicate that mustard gas immediately 
causes an increased permeability of the capillaries. One should note, 
however, that the intense staining of the injured tissue also may be 
caused by an increased blood flow, even with a normal permeability. 
The most intense staining is probably a result of a combination of in- 
creased permeability and an increased blood flow. In our experiments 
the areas of application showed a very intense red colour. 

The vascular reactions were studied by injection of the different 
stains at various intervals of time after the application of the mustard 
gas. 

1. Lithium carmine. We injected 0.1 ml of the stain intra- 
peritoneally, and the observations were made when the animal showed 
general staining. The results are recorded in Table I which shows that 
lithium carmine produced a strong staining of the tissue in the area 
of application when the injection was made 1 and 3 hours after the 
application of the mustard gas. After 6 hours most of the area showed 
strong red staining, except a small central spot which remained un- 
stained. When the injection was cai-ried out 12 hours or more after 
the application, the area of application was unstained, but surrounded 
by an intensely red zone. The area remained unstained for 6 hours 
after the injection, but became faintly stained in the course of 11 
hours. 

2. Lithium carmine and trypan blue. The experiments of the pre- 
ceding series were repeated, with the injection of both lithium carmine 
and trypan blue at successive intervals. Five minutes after the ap- 
plication of mustard gas, 0.05 ml of lithium carmine was injected 
intraperitoneally. The animal became slightly stained while the area 
of application showed intense red colour. When 0.05 mi trypan blue 
was injected later, the blue colour of the rest of the animal contrasted 

Actr. path. Vol. XXVI. 6 
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Table I. 

Vital staining with lithium-carmine. 


Mouse 

no 

'Time between 
application 
and injection 

Time belween 
injection and 
observation 

General 
staining of 
skin 

Staining of the treated area 

MH 

l/VIII/49 

1 hour*) 

15 minutes 

Moderate 

Deeply stained. 

MH 

2/VIII/49 

HV 2 hour 

1 



Deeply stained. 

MH 

3/IX/49 

6 hours 

Vo hour 

1 hour 

None 

Faint 

Most of the area deeply stain- 
ed, but in the centre a small 
field is unstained. 
Unchanged. 

MH 

5/VII/49 

13 hours 

3 hours 

Moderate 

Deeply stained halo around 

the unstained central area. 

i 

MH 

2/V/49 

24 hours*) 

1 

2 minutes 

C hours 

24 hours 

Faint 

Moderate 

Moderate 

Deeply stained halo around 
the unstained central area. 
Unchanged. 

Deeply stained halo and a 
faint staining of the centre. 

MH 

4/IX/49 

24 hours 

2 hours 

1 

Moderate 

Deeply stained halo around 
the unstained centre. 

MH 

4/V/49 

25 hours 

5 hours 

23 hours 

Moderate 

Moderate 

1 

Deeply stained halo around 
the unstained centre. 

Faint staining of the centre 
ahso. 

MH 

.5/Y/49 

49 hours 

5 hours 

11 hours 

Moderate 

Moderate 

1 

1 

1 

Deeply stained halo around 
the unstained centre. 

Faint staining of the centre 
also. 


*) Intravenous injection. 


sharply with the local red colour of the injured area. This observation 
was made when the animal total was stained, as a rule 1 2 hours 

after the injection of the trypan blue. The results, given i Table II, 
agree completely with the results of the experiments with lithium 
carmine only. The area of application, first red, showed an additional 
marked blue staining when the trypan blue was injected within 6 
hours after the application of mustard gas. The blue staining was. 











813 


Tabic IL 


Vital staining with trypan blue ('and lithium carmine*)). 


Mouse 

no 

Time between 
applienliun 
and injection 

Time between 
injection nnd 
observation 

General 
staininft of 
skin 

nine staininR of the treated Jtrea 

MH 

l/lX/49 

C hours 

1 hour i None 

1 

i 

Deeply stained with small, ir- 
regular, faintly stained or un- 
stained fields. 

Mil 

15/1X/49 

6 hours 

\ 

li/i hour 1 

1 

1 

Jtfoderatc 

Deeply stained with small, ir- 
regular faintly stained fields. 

MH 

7/1X/49 

1 

12 hours 

11/2 hour 

Moderate 

Deeply stained halo around 
(he unstained central area. 

MH 

14/IX/49 

12 hours 

^ 11/2 hour 

Moderate 

i 

Deeply stained with a mode- 
rately stained central field. 

MH 

G/VIl/49 

13 hours 

2 hours 

' Moderate 1 Deeply stained halo and a 
i : faint staining of the centi’c. 

MH 

lG/IX/49 

IS hours 

1 

11/2 hour Moderate 

! 

i Strongly stained halo. Un- 
j stained central area with some 
i faintly stained spots along 
, sojnc of the larger vessels. 

MH 

9/IX/49 

ISVo hour 

2 hours j Moderate 1 Deeply stained halo around 
j the unstained central area. 

1 1 

MH 

lO/lX/49 

24 hours 

1 114 hour ' ilodcrate 

, 1 

i i 

1 

: Deeply stained halo around 
the unstained central area. 

MH 

12/1X/49 

241/2 hour 

j 1 

i lyohour ; Moderate 

1 

! i 

i _ ___ . i 

Strongly stained halo. Un- 
stained central area with some 
faintly stained spots along 
; some of the larger vessels. 

MH 

17/1X/49 

45 hours 

V/2 hour 

1 Moderate 

( 

Deeply stained halo around 

the unstained central area. 

1 


*) All animals, except mouse no 6/VII/49, were injected with lithium car- 
mme a few minutes after application of mustard gas. The painted area 
clG\ eloped a deep red staining. For particulars, see the text. 


lowevcr, not uniform, showing some irregular light blue spots in the 
luuc red areas 6 hours after the application. Trypan blue injected 12 
lours after the application gave in some cases spotted staining, as 
' icr 6 hours, while in others there xvas no blue in the red area, hut 
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own, in which the previous epididymitis had occurred much earlier, 
however, argue against the general truth of this theory. In view of our 
knowledge of the extraordinary regeneration capacity of the epithelium 
it seems hardly probable that an inflammatory defect of the epithelium 
should persist for such a long time. 

On the other hand, it is quite feasible that both in those cases with 
a previous history of epididymitis and in those without, a fresh in- 
flammation might have arisen with following destruction of the duc- 
tular wall and consequential escape of the spermatozoa into the sur- 
rounding tissue. 

The third possibility, degeneration and atrophy of the tubular epi- 
thelium, is favoured by the finding in Steinberg & Straus’& cases. In 
my cases there were no general degenerative changes in the epithelium 
of the epididjTnis. The focal destruction of the epithelium, discernible 
in some areas, seems to be quite recent and not due to earlier inflam- 
mation. 

As mentioned further up, in all of my cases except one, there was 
a varying degree of tubular dilatation with flattened epithelium and 
with a stagnation of a likewise varying number of spermatozoa. Stein- 
berg & Straus’s cases and one of Orsos’s presented similar pictures. 
The stagnation and the flattening of the epithelium must presumably 
be caused by an obliteration of a more distal part of the tubulus due 
to an active or previous inflammation. That an obliteration of the ef- 
ferent ductules have this effect on the tubules above the obliteration 
has been demonstrated partly by studies in the dissecting room and 
partly by the experimental clamping of the vas deferens or the caudal 
parts of the epididymis. (Richter; Naga; Kijrle & Schopper). 

The regular evidence of an increased intratubular pressure, seems 
to be essential in the arisal mechanism of sperm invasion. It is plausible 
that the increased pressure may result in a rupture of the distended 
tubular wall. It is possible — analogous to the rupture of the 
fornix in pyelovenous reflux — that the pressure alone is sufficient 
to rupture the wall. It sounds more reasonable, however, to ascribe 
a possible rupture to the combination of two factors: increased pres- 
sure and local decrease in the resistence of the wall due either to an 
acute inflammation — previous or active — or to a chronic inflam- 
mation. 


Summary. 

In an examination of a relatively large material of non-specific 
epididymitis sperm invasion of the interstitial tissue of the epididjonis 
was no infrequent by-finding. In some cases the sperm invasion do- 
minated the picture, and the inflammatory changes were mainly loca- 
lized and most marked around the invading spermatozoa forming 
granuloma-like foci. Seven cases of this type are described. In 
addition to the sperm invasion and the localization of the inflamma- 
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Tabic IV, 

Filling of the blood vessels with Indian ink. 


Mouse 

no 

Time l)et\veen 
niiplifiilion 
.ind injeelion 

.\mounl 
injected and 
wa}' of 
injection 

Degree of 
rating of the 
blood vessels 
in general 

DcRrec of niHng of the blood 
vessels in the trealed arm. 

MH 

3/VIII/49 

3 hours 

% ml i. V. 

Good 

Good. 

iMH 

20/IX/49 

3 hours 

3 ml i. c. 

Good 

Good. 

MH 

lO/Vin/49 

6 hours 

1 ml i. c. 

Good 

Good. 

MH 

12/SHII/49 

12 hours 

1 ml i. V. 

Good 

No filling of the minute sur- 
face vessels. 

MH 

UfVlUl49 

15 hours 

1 ml i. V. 

Not good 

No filling of the minute sur- 
face vessels. 

MH 

16/VIII/49 

18 hours 

i. c. 

Good 

No filling of the minute ves- 
sels. Some of the larger ves- 
sels filled. 

MH 

19/IX/49 

21%. hour 4 ml i. c. 

Good 

Some of the smaller and some 
of the larger vessels filled. 

MH*) 

3/Y/49 

25 hours 

j 2 ml i. c. 

Good 

No filling of the minute ves- 
sels. Some of the larger ves- 
sels filled. 

MH 

8/X/49 

j 

25 hours 

i 

IV 2 ml i. V. 

1 

i 

I 

1 

Good 

No filling of the minute ves- 
sels. Some of the larger ves- 
sels filled. Strong injection of 
the vessels in a halo around 
the injured area. 

MH 

9/X/49 

26 hours 

1 ml i. V. 

Good 

» 

MH*) 

7/V/49 

60 hours 

1 ml i. c. 

1 

Good 

» 

MH») 

S/V/49 

74 hours j Vo ml i. v. 

i 

1 Poor 

1 

1 

1 

No filling of the minute ves- 
sels. Some of the larger ves- 
sels filled. 

MH*) 

9/Y/49 

8 hours ! Ve ml i. v. 

1 

1 

1 

Good 

No vessels filled in the in- 
jured area, but the area is 
surrounded by a halo of en- 
gorged vessels. 

1 — * 


All animals, except those marked *), were injected with lithium carrni ^ ■ 
few minutes after application of mustard gas. The painted area developc 
deep, red staining. 
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vessels filled with Indian ink, even more than in the surrounding tis- 
sue, could be observed during Ibc first 48 hours. After the following 
2i hour period a few of the smaller vessels only were filled with 
Indian ink. After 4 days none of the smaller vessels were filled, while 
the larger ones still contained Indian ink. At the same lime was 
observed, that the injured ear generally contained more Indian ink 
than the other. 

When mustard gas was ajijilied simultaneously to the car and the 
neck, and trypan blue was injected 24 hours later, one found that the 
area of application in the neck remained unstained, while the entire 
area of application on the car took on an intense blue colour. On in- 
jection of Indian ink 24 hours after the application of the gas. the 
vessels of the ear became filled with Indian ink, while the area of ap- 
plication in the neck showed complete absence of Indian ink. 

Microscopic investigation of skin injured by mustard gas, taken 
1 and 3 hours after the application, showed hyperemia and some in- 
filtration of leucocytes. In injured skin taken 6, 12 and 24 hours after 
application an increasing degeneration of the cells was found, with 
pycnotic nuclei and nuclei showing karyorrhexis. After 24 hours there 
was in addition a considerable haemorrhage. In addition to these de- 
generative changes, the skin taken 48 hours after the application also 
showed manifest necrosis in large areas of the section. 


Discussion and Conclusions. 

The present paper confirms the previously known findings, that 
vascular changes in the skin constitute an immediate reaction to mu- 
stard gas. The increased staining of the tissue in the area of applic.a- 
tion of the gas, which occurs within a few minutes after tlic applica- 
tion, is probably caused partly liy an increased circulation in, and 
partly by an increased iicrmcabilily of, tlic minute vessels. 

In the course of a few hours the early reaction is followed by a 
different one, as shown b.v the decreasing staining of the area of 
application, after injection of lithium carmine, trypan blue or fluor- 
escein. An increasing number of tlie smaller vessels become occluded 
and finally the blood flow stops in the entire are.a. TJie occlusion was 
confirmed by the intr.avascular injection of Indian ink, the ink failing 
to enter the small vessels. 

The staining showed that the circulation was retarded within 6 
hours, possibly even earlier. After 12 hours there seemed to be an 
almost complete cessation of the blood flow in the superficial capillary 
network of the area of application, the vessels being largely devoid of 
slam or Indian ink. An examination with binocular microscope of 
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This diagi’am summarizes the observations of the vascular response in tlie 
different intervals after application of mustard gas. The completeness of 
filling of the vessels by Indian ink and the degree and the completeness of 
staining is indicated by the figures. Fluorescein is the stain that gives the 
first indication of a decreased staining, after the initial very strong colouring. 
Trypan blue and lithium carmine give a less graded response, and the filling 
of the vessels by Indian ink is the least sensitive test. The first indication of 
a reduction of the staining is found 3 hours after the application of mustard 
gas. The reduction is definite in the course of C hours. The circulation is 
brought to a complete stand-still after some 15 — 18 hours. The heavy »ring« 
indicates the development of a hyperemic zone of demarcation. 


whole skin preparations from skin injected with Indian ink showed, 
that while the small superficial vessels generally were occluded, the 
blood still flowed through the arterioles and veins of the deeper laj'crs 
as well as in the capillarj' network of the skin muscle. The larger ves- 
sels of the area of application did not all become occluded until 18 24 
hours after the application. In some of the larger vessels there was 
still at this point some blood flow, and in a few cases they even 
seemed to be permeable for the stains. When the circulation had 
stopped in the injured area, one found the field surrounded hj’ a 
hyperemic halo. 

Even the initially unstained areas were gradually' totally' stained, 
by lithium carmine after a few hours, by fluorescein within one hour. 
This is probably' due to a diffusion of the stain from the surrounding 
tissue, since the Indian ink showed occlusion of the vessels. There 
was no indication that the disturbance of the circulation was of a 
passing, functional nature. 

Also in the ears the small vessels in the area of application were 
occluded, but only' after a longer period than in the skin of the body. 
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Yj 2 . 3 4 days after the application. We have no explanation of this 

difference. . 

We have thus, in the skin of the body, found an earlier occlusion 

of the vessels than that described by Pullinger. On the other hand, we 
have confirmed the somewhat slower reaction in the ears, even though 
we believe that most of the vessels are occluded sooner than maintained 
by Pullinger. This applies to the smaller vessels. The larger vessels of 
the ear permit blood flow for a considerably longer period. This shows 
that regional factors must be taken into consideration in a discussion 
of the vascular responses. 

The circulatory disturbances indicate the occurrence of stasis, 
but it has been impossible to confirm this by direct observation of 
the vessels in vivo. 

The stasis is usually irreversible and leads to necrosis. To \vhat 
extent this vascular reaction is responsible for the subsequent necrosis 
in connection with local mustard gas injuries has not yet been as- 
certained. 

Undoubtedly mustard gas kills the cells directly when the doses are 
sufficient. Fell and Allsop (1948) found that liquid mustard gas, or 
a saturated vapour of the gas in cultures of chicken embryo rapidly 
kills the cells by fixing or coagulation. Low saturation of the mustard 
gas vapour kills the cells slowly. Berenbliim and Schoental (1947) 
found that mustard gas and nucleoproteins in vitro form an insoluble 
precipitate, an observation which may well be the explanation of the 
directly destructive effect of the gas on cells. The increasing degene- 
ration of the cells which was found developing parallel to the circula- 
tory disturbances may indicate that the doses used in the present 
experiments were sufficient to kill the cells, without the additional 
effect of the vascular responses. The manifest necrosis which was. 
found in a section taken 48 hours after the application of the gas gives 
no conclusive evidence. 

Our observations have not established whether the local necrosis 
is a direct destruction of the cells, or a result of stasis. But we cannot, 
on the other hand, accept Pullinger’s statement that the »maintenance 
of the blood circulation after the appearance of coagulation necrosis 
rules out death by vascular occlusion and infarction,« on the basis of 
our present knowledge. Further experiments are needed in order tO' 
solve this problem. 
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DETERMINATION OF BACTERIAL RESISTANCE TO 
PENICILLIN, SULFATHIAZOLE AND STREPTOMYCIN 

Uy Ellin Mnich-T.inul. 

(noceivfd for juiMicotioii May 21st. I!H0.) 

The methods employed for iticjisuritig of the potency of iuilibiolics 
may also be used for determination of the resistance of Itacleria to 
these antibiotics. The choice of method (cup, cylinder, diluting, etc.) 
will depend on its ])urposc. For routine examination of a fairly large 
number of specimens it seems preferable to use a .simjde and rapid 
method, here we have chosen the disc method given by Vincent & 
Vincent (1944). 


The (Use method. 

Pi'om all the .spocimeius a direct cnllnro is nitide on a vrrsislauce jilatcfr, 
i. p., a 10% Mood agar plate, O—S mm. Iliick, 0—10 cm. in diamolor. 9 -sterile 
))discs«, t.c., circular i)ieccs of filler paper, la jnm. in diameter, are placed 
at the same mutual distance on the inoculated plate. On each disc is placed 
respectively one drop of 

Penicillin 20f) I. U. per ee. 

.Sulfathiazole 0.5% aqueous solution 

.Streptomycin 10,000 I.U. per ee. 

The plates are incuhated, and on the. following day the diameters of the 
inhibition zones in mm. are read. The strains are divided iiftor their degree 
of resistance, into i groups, recorded in the .same way for the three solutions; 

0: S 15 mm. = resistant. 

+ : IG— 24 » = .slightly .sensitive, relatively resistant. 

-f-+; ^ — .Oi » = moderately sensitive. 

+ + +: ^ ,‘55 » = strongly sensitive. 

hclatively resistant strains arc not. affected by ordinary clinical do.sage, 
out possibly by larger doses. When a .sirecimen yields a bacterial strain in 
pure culture, its resistance can be rend directly from the resistance plate, 
nut when a siiecimen gives a mixed culture, it usually will be necessary to 
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isolate the individual strains and repeat the resistance determination on 
pure cultures. , ‘ 

Besides on the resistance plate, all the specimens in the following wore 
examined also by inoculation on 5 % blood agar in such a way that single 
colonies could be isolated easily. Further, from all urines and other specimen.^ 
in which Gram-negative rods were mostly to be expected, cultures wore made 
on )>blue plates« (Conradi-Drigalski medium) . Specimens that possibly might 
contain Pfeiffer bacteria (pus from the ear, sputum and spinal fluid) were 
examined for resistance not only on blood agar but also on Lcvinihal plnlc 
(see below). The resistance of meningococci was determined on ascites agar 
plate incubated in carbondioxide atmosphere. 

Finally, from all the specimens cultures were made in scrum broth (broth 
with 5 Vo ox serum and IVoo glucose). If the serum broth cultures showed 
growth within 48 hours subcultures were made on 5 % blood agar. If growth 
was obtained only in serum broth, not on the corresponding plates, an at- 
tempt was made to determine the resistance on the serum broth culture. 
It has to be kept in mind, however, that with such determinations contamina- 
tion is very likely to occur. 

Specimens of sputum, spinal fluid and pleural effusion were injected intra- 
peritoneally in a dose of 0.5 cc. into mice in order to disclose the possible 
presence of pneumococci, not revealed by the direct examination. The spe- 
cimens of urine, spinal fluid and pleural effusion were centrifuged prior to- 
the cultivation. From the sediment a smear was made, stained after Gram 
and appraised with regard to the character and amount of bacteria present. 
Gram-stained smears were made also from specimens of pus. 

The penicillin and streptomycin solutions used for the resistance de- 
terminations were made from commercial preparations tc. g., »PcniciUin Leo« 
and »Streptomycin Pfizer«). The contents of the ampullas were dissolved in 
saline with pH 7.38. It is to be kept in mind that streptomycin increases in 
volume on being dissolved. The solutions have to be kept in alkali-free glass 
containers. The penicillin solutions ought to be renewed at least once a week 
whereas the streptomycin solution is considerably more stable. The sulfa- 
thiazole solution here employed is a t).5 % aqueous solution of »Chemoscpt<f 
(Ferrosan). A few drops of sodium hydroxide (n/5 NaOH) arc added in order 
to promote the solution. The potency of the three fluids is controlled not 
infrequently by resistance determination on the standard strain staphylococ- 
cus 209 P. 

Investigation into the employed method. 

The procedure here emplojmd for resistance determination has been tried 
out thoroughly in various ways. Experiments have shown that discs with 
diameters of 10, 15 and 20 mm. under otherwise the same experimental con- 
ditions give inhibitory zones of the same size. With the employment of large 
discs these may be removed soon after the fluid has been dropped on them. 
The same inhibitory zone was obtained by removal of the disc after 1. 2, 

10 or 15 min. after application of the fluid as by leaving the disc alone liil 
the following day. The same result is obtained rvhethcr the plate is inoculated 
before the disc is pul on, or whether the disc is placed on the noninoculatcd 
plate, moistened and removed and then the plate is inoculated (Jensen & 
Kioir, 1918). 

M'ith the diluting method the size of the inoculum is of great significaiwe 
to the determination of the resistance to sulfathiazole and streptomycin. On 
determination of bacterial resistance to penicillin and streptomycin after tbe 
disc method the density of the culture plays a minor role. It is the genera 
rule, however, that the fewer bacteria in the inoculum the larger arc tbe 
inhibition zones or, in other words, the greater is read the bacterial sonsiti\it}- 
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In the sulfathiazole disc method the character of the inoculum plays a decisive 

role in certain cases (see below) . « ^ j 

As mentioned before, the resistance plate here employed is a 10 % blood 
agar plate, 6—8 mm. thick. When thinner plates are used the inhibition zones 
will be larger, but when the plate is of more than a certain thickness (G— 8 
Ttim.) its exact thickness is of minor importance. The blood plates contain 
10% defibrinated horse blood in beef agar, i. c., 1.8 % agar in beef broth with 
1% peptone (»Orthana special«), 0.3% NaCl and 0.2% Na2HP0^12H20. 

For determination of the resistance of Pfeiffer bacilli Levinthal agar has 
been used. With a view to the sulfathiazole determinations, 10 % blood is 
used in this medium', too. Removal of the red blood cells or addition of 0.5 % 
glucose and 10 % yeast extract give no better results. The Levinthal plates are 
prepared just as the above mentioned 10 % blood plates — only with this 
difference, that the mixture of blood and agar is placed on boiling water bath 
lor 5 min. before the plates are poured. The inhibition zones for the same 
bacterium are the same on a Levinthal plate and a 10 % blood agar plate. 

A slight difference in the concentration of the solutions employed is of no 
importance with this method. Thus, for instance, after the disc method the 
standard staphylococcus 209 P shows the following inhibition zones with 
streptomycin solutions of diffei’ont concentrations: 

Staph. 209 P 10.000 2000 1000 500 U./cc. streptomycin 

29 27 25 23 mm. 


Determination of resistance to penicillin. 

A comparison has been made between resistance determinations 
after the disc method and after the diluting method. This gives a good 
impression of which growth-inhibiting concentrations of the respective 
solutions correspond to the different inhibition zones (Table 1). 


Table i. 

Comparison between the disc method and the diluting method for determina- 
tion of resistance to penicillin, sulfathiazole and streptomycin. 


Degree of 
resistance 

Disc method; 

Zone orinhibilion 
in nini. for pi'ii., , 
su. nnilstr*) 

Diluting method: 

Inhibition of growth for; 

perce""' | Smmihi.iz.ole cone.**)) m 

Besislant 0 
Belalively 

1 

0-15 

> 5 

i 

> 1:10 000 

1 

> 100 

resistant -f 
Moderately 

16—24 

5 - 0,5 

1:10 000—1:20000 

100-10 

sensitive -f-}- 
Strongly 

25-34 

0.5-0,l 

1:40 000-1:80 000 

10-2 

sensitive -j— 

^ 35 

< 0,1 

j < 1:80 000 

< 2 


) pen. 1 drop 200 units per cc. of penicillin. 

» 0.5 % sulfathiazole. 

SI* — 1 » 10.000 units per cc. of streptomycin. 

”) The given concentrations apply to pneumococci. 
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The penicillin resistance of about 100 strains was examined both 
after the disc method and after the diluting method in serum broth 
and in blood agar (when kept in ice-box, blood agar with addition of 
penicillin keeps serviceable for more than one week). The three me- 
thods were found to agree ver 3 ' well. On the basis of the results from 
these experiments the values recorded in Table 1 were set up. 

As the penicillin concentration obtained in the blood of the pa- 
tients under ordinar 3 ^ dosage (about 300.000 units daily) only for a 
short time exceeds 0.5 U./cc., we hax’e to expect that the strains found 
by resistance determination to be relatively resistant — i. e., inhibited 
of 0.5 — 5 U./cc. — are not sdclding to an ordinary dosage of peni- 
cillin. 


Determination of resistance to sulfa preparations. 

Determination of resistance to sulfa preparations is associated 
with certain difficulties, as both the culture media here employed and 
the bacterial cultures contain substances inhibitor 3 ' to the effect of 
the sulfa preparations. Harper & Cawston (1945) state that the sulfa- 
inhibiting substances ma 3 ' be neutralized by a factor in the red blood 
cells from horse. These authors found that hemolyzed blood (5 %) 
is more effective in this respect than in nonhemolyzed blood. 

In a number' of resistance experiments, after the disc method as 
xvell as after the diluting method in plates, I found no difference from 
the employment of hemolyzed and nonhemolyzed horse blood. Both 
the bacterial growth and the inhibition zones gave uniform findings. 
On the other hand, more pronounced results were obtained with 10 % 
blood than with 5 %. Further, the peptone content of the plate may 
also be of significance to the sulfa resistance determination, hut when 
a sufficient amount of horse blood is employed (10 %), the peptone 
effect does not assert itself. 

The other difficulty in sulfa resistance determinations is the 
amount of sulfa-inhibiting substances in the bacterial cultures. This 
fact may' in part be counteracted by employment of a diluted culture 
for inoculation of the resistance plates. If by' direct resistance deter- 
mination on the material or on a pure culture a streptococcus is 
found to be resistant to sulfathiazole, the examination is repeated vith 
a culture diluted 1 :200, and in many' cases the strain will now prove 
sensitive to sulfathiazole. 

Some bacteria show an inhibition zone for sulfathiazole that is ir- 
regular in outline, with streaks of colonics in the zone — i- «•> ^ 
called »partial inhibition«. When the examination is repeated vil> 
diluted culture, as a rule, a clear, well-defined inhibition zone uill 
found. 

In the jircscnt material no bacteria other than streptococci hmc 
lirovcd sulfa-resistant in undiluted culture, while in the corresponding 
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diluted culture they were found to be sensitive. All othei bacteri. 
which in undiluted culture were found to be sulfa-resistant have also 
proved resistant on their examination in diluted culture. 


Tabic 2. 

Sulfathiazole. — Bcsistancc clelcrinination on different strains in undiluted 

and diluted cultures. 

The figures give the diameters of the inhibition zones in mm. on employment 
of the disc method on 10 % blood agar. To each disc is added 1 drop of 0.5 % 

sulfathiazole. 


Strain ; 

No. 

Culture dilution 

UndllutcU 

t:10D 

1:1000 

Staph, aureus 

1106 

0 

0 

0 



15G2 

35 partly 

35 

35 

— albus 

1059 

0 

0 

0 

Slrept. hemol. 

919 

0 

-15 partly 

50 

^ 

612 

0 

34 partly 

36 



729 

30 partly 

36 

36 

Entcroccoccus 

997 

0 

0 

0 

Colihacteriuni 

10S7 

IS partly 

23 

24 

Proteus 

1003 

0 

0 

0 

Pyocyaneus 

1032 

0 

0 

0 

— 

1027 

25 partly 

28 partly 

30 

Grani-neg. rod 

1025 

28 

28 

29 


For determination of sulfa resistance in the present material sulfa- 
thiazole was employed in the form of »Cheniosept<c (Ferrosan). For 
the sake of comparison, also the effect of other sulfa preparations has 
been examined, namely: sulfonamide, sulfapyridine (»M. & B. 693«). 
sulfadiazine and phtalylsulfathiazole (Pharmacia Ltd.) all in an 
0.5 % aqueous solution. 

All the strains -which after the disc method are found to be resi- 
stant to sulfathiazole prove also resistant to the other four sulfa pre- 
parations mentioned, employed in the same concentration. On exa- 
mination of 20 strains (diluted 1:1000), of different bacterial species 
and differing in sensitivity, sulfathiazole and sulfonamide are found 
to give the largest inhibition zones, and sulfapyridine is found to be 
almost just as active, whereas sulfadiazine and phtalylsulfathiazole 
show smaller inhibition zones. Whether the outcome of these experi- 
ments in vitro corresponds to the clinical effect of the respective sub- 
stances is a question about which nothing may be said here. Various 
aspects of the organism — e. g., cai^acity for absorption and excretion 
of the substances — will play a role. 

Comparison between the disc method and the diluting method in 
fluid media is difficult to carry through in the case of a sulfa prepara- 
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iion. In the first place, sulfa preparations are bacteriostatic, not bac- 
■tericidal. The character of the medium, the size of the inoculum, the 
rate of growth of the bacteria, the point of time for the reading of the 
result, and other factors will have influence on the outcome. Further- 
more, as mentioned before, sulfa-inhibiting substances are formed 
during the growth of the bacteria, and this circumstance plays an even 
greater role in resistance determination performed in fluid medium 
than after the disc method on blood agar. 

Only the bacteria that form a very slight amount of sulfa-inhi- 
hiting substances or none at all may show a fairly good agreement 
between resistance determinations on blood agar after the disc method 
and in serum broth after the diluting method. The findings for pneu- 
mococci in this respect are recorded in Table 1. 

Under ordinary clinical treatment with a sulfa preparation {about 
6 g. daily) the concentration of this remedy in the blood Avill be about 
5 — 10 mg. % ( = 1 :20.000 — 1 :10.000). Thus it should be possible with 
ordinary dosage successfully to combat strains of moderate or marked 
sensitivity. The values in Table 1 apply to pneumococci and other 
bacteria showing agreement after the disc and diluting methods. 
Strains that are found sulfa-resistant after the disc method have al- 
ways proved resistant after the diluting method, too. 


Determination of resistance to streptomycin. 

Determinations of the resistance to streptomycin are found on the 
whole to show concordance between the disc and the diluting method 
(Table 1). Strains which after the disc method are resistant are in- 
hibited after the diluting method by about 100 U./cc. or more; and the 
strains which after the disc method are found to be relatively resistant 
are inhibited in fluid media hy about 10 — 100 Uycc. streptomycin. 

Patients who have been treated with an ordinary dose of strepto- 
mycin (1 — 2 g. daily) show in their blood a concentration of 10 — 20 
U./cc. Strains which after the disc method are found to be moderately 
or highly sensitive to streptomycin are inhibited in diluting tests by 
less than 10 U./cc. and should thus be accessible to ordinary dosage. 
Strains that are found to be relatively resistant w'ill in practice pro^c 
resistant to ordinary dosage. What was said about sulfa preparations 
applies to streptomycin, too: it is bacteriostatic, not bactericidal. Hence 
determination of the resistance of bacterial strains in fluid media 
meets with similar difficulties as mentioned for sulfathiazolc. Under 
constant experimental conditions, however, the diluting method ma> 
very well he employed for determination of bacterial resistance to 
streptomycin. 

The media here employed (blood plates and scrum broth) ba\c 
pH 7.3. As pH 8 is recommended as most suitable for streptomycin ex- 
periments, comparative tests were made with media having pH 
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and pH 8, respectively. They showed no difference in the outcome of 
the experiments performed. 

According to the definition one streptomycin unit is 50 times smal- 
ler than one penicillin unit. One unit of streptomycin is the amount 
inhibiting the growth of the standard staphylococcus in 1 cc. culture, 
while one unit of penicillin is defined as the amount inhihiting the 
growth of the same strain in 50 cc. culture. As I had been working with 
penicillin for some time before commencing the experiments with 
streptomycin I chose the streptomycin dose for the disc method in 
proportion to the penicillin concentration already employed, namely: 
10.000 U./cc. and 200 U./cc., respectively. 

In comparative tests after the disc and the diluting methods, how- 
ever, the proportion between the concentrations of penicillin and 
streptomj'cin giving inhibition of growth after the diluting method is 
not 1 :50 but 1 :20. While I am unable to explain this observation, it is 
still to be mentioned that the comparison here carried out may be 
accepted but very approximately. Besides, it is to be kept in mind that 
in the definition regard is paid only to the effect of the remedies on 
one strain, whereas in the comparative tests we are dealing with an 
average effect on different bacterial species. 


The present material. Diagnose. 

The bacteria found in the present material are divided into four 
groups after their behavior to the Gram staining. Within the Gram- 
positive cocci the following diagnoses are made: staphylococcus au- 
reus, staph, albus, hemolytic streptococcus, nonhemolytic streptococ- 
cus, enterococcus, enterococcus-like streptococcus, pneumococcus, and 
Gram-positive cocci not further defined (Table 3); altogether 3457 
strains of Gram-positive cocci have been tested. 

All the enterococcus strains examined ferment sorbitol and are 
sulfa-resistant. The latter property is so constant that it may be em- 
ployed diagnosticallj'. The »enterococcus-like streptococci« are strains 
resembling true enterococci as to their morphology and resistance, 
whereas they do not ferment sorbitol. 

The other large bacterial group, the Gram-negative rods, are di- 
vided into the following groups: colon bacilli (Escherichia), coliform 
rods, lUebsiella bacteria, proteus, pyocyaneus, alkaligenes. Salmonella 
bacteria, Pfeiffer bacteria, and the collective group of » Gram-negative 
rods not further defined*. Altogether 2503 strains of Gram-negative 
rods have been examined. 

»Colon bacilli* designates Gram-negative rods that form indole and 
ferment mannitol (with gas production), lactose, often saccharose, 
and which pow in ammonium glucose but not in ammonium citrate. 
Mrains deviating from this definition (e. g., strains that form no in- 
ole, or no not ferment lactose, or are able to grow in ammonium ci- 
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traie; are here summarily designated as »coliform rods«, although I 
am quite aware that such strains anyhow may belong to »Eschcrichia 
coli«. As to the differential diagnosis between colon and Klebsiella 
strains, the reader is referred to a recent paper by Kauffmann (1949). 

In the State Serum Institute, during one year (from Dec. 1 , 1947 
to Nov. 30, 1948) altogether 5998 strains, derived from 4781 specimens 
have been resistance-tested. 


Table 3. 

Ilcsistance of the strains to penicillin, sulf atliiazolc and streptomycin. 
The figures (except the numbers of strains) give the percental distribution. 


Gram 

Bacterium 

No. of 
strains 

1 Penicillin 

200 u./cc. 

Sulfathiazole 
0.5 0/0 

Streptomycin 
10.000 u./cc. 



0 + 4 -+ 

+++ 

0 


0 




Staph. aureus 

624 

8 8 

15 

96 

1 19 

3 

38 

40 

1 

1 

48 

51 


— albus 

612 

15 12 

26 

47 

29 

3 

22 

46 

2 

1 

19 

78 


Streptococ hemol. 

445 

— 

8 

92 

17(4)1 

10 

72 

— 

14 

58 

28 

0 

0 

— non-hemol. 

582 

7 5 

27 

61 

30 

2 

16 

52 

1 1 

7 

52 

40 

0 

Enterococcus 

633 

57 33 

10 

— 

100 

— 

— 

— 

17 41 

41 

1 

0 

A 

Enterococcus- 
like strept. 

84 

33 18 

29 

20 

1 

100 

, - 

- 

— 

10 13 

59 

18 

u 

Pneumococcus 

259 

— 

6 

94 

— 

1 

7 

92 

— 

7 

63 

30 

a 

Gram-pos. coc, 
not further 
defined 

218 

1 

20 8 

1 

30 

42 

33 

3 

24 

40 

6 

4 

36 

54 


Colibact. 

493 

99 1 





32 

6 

44 

18 

10 

2 

57 

31 


Coli-likc rods 

532 

99 1 

— 

— 

72 

4 

18 

6 

32 

3 

41 

24 

Vi 

Klebsiella 

206 

100 — 

— 

— 

89 

4 

4 

3 

36 

— 

30 

34 

0 

u 

Proteus 

382 

89 10 

1 

— 

73 

4 

15 

8 

11 

4 

03 

22 

ci 

0 

Pyocyaneus 

173 

100 — 

— 

— 

86 

1 

8 

5 

16 

6 

52 

26 

c 

1 

Alkaligenes 

20 

100 — 

— 

— 

45 

— 

35 

20 

15 

15 

45 

25 

5 

Salmonella 

7 

100 — 

— 

— 

43 

14 

29 

14 

— 

— 

71 

29 

u 

a 

PfeilTer 

59 

27 29 

44 

— 

3 

3 

17 

77 

— 

— 

32 

68 


Gram-neg.rod,nol 
further defined 

611 

94 4 

1 

1 

68 

3 

16 

13 

19 

9 

48 

24 


Meningococcus 

6 



50 

50 

— 

— 

— 


— 

— 




Gram-ncg.coc,not 
further defined 

6 

50 — 

17 

33 

17 

— 

— 

83 

— 

— 

17 

83 


Sublilis 

5 

100 — 

. 

j 

60 



40 



— 

— 


— 

^ S 

C5 h 
t- ’y: 

0 0 

Gram-pos.rod,not 
fnrlher defined 

20 

30 10 

20 

40 

15 

5 

30 

50 


— 

55 

3.5 


Monilia albicans 
(fungus) 

1 

1 

100 — 


1 


_ 






— 

— 

— 


Total: 

5998 
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Determination of resistance. 

Table 3 gives the resistance observed for all the strains. Summanly 
it may be said that the Gram-positive cocci (with exception of entero- 
cocci and enterococcus-like streptococci) on the ^Yhole are sensitive to 
penicillin, whereas the Gram-negative rods (which exception of some 
Pfeiffer bacteria) are resistant to penicillin. Most of the Gram-positive 
cocci (excluding enterococci and enterococcus-like streptococci) are 
sensitive to sulfa preparations, whereas most of the Gram-negative 
rods are found to be resistant to these remedies. Leaving out the Pfeif- 
fer bacteria and colon bacilli, 68 % of the Gram-negative rods are 
found to be sulfa-resistant. Practically all Gram-positive cocci (with 
exception of enterococci and enterococcus-like streptococci) and more 
than 2/3 of the Gram-negative rods are found to be sensitive to strep- 
tomycin. The numbers of strains of Gram-negative cocci and Gram- 
positive rods are too small to allow of any generalizing estimation of 
their resistance. 

Gonococci and tubercle bacilli are examined in special departments. 
Cultivation with regard to the possibility of anaerobic bacteria is per- 
formed only on special request. 


Occurrence and resistance of the different bacteria. 

We will now review the individual bacterial species in the sequence 
in which they are entered in Table 4. 

Staphylococcus aureus. A majority of the 624 strains examined 
were demonstrated in pus from the ear (356 strains = 57 %) and 
abscesses. In the urine staphylococcus aureus was found in pure cul- 
ture but exceptionally. Thus it appears as if urinary infection with 
staph, aureus is rare, at any rate in adults. In the present material 
no urine from children has been examined. 

In most cases, staph, aureus is highly sensitive to penicillin, from 
moderately to highly sensitive to both sulfathiazole and streptomycin. 
It is to be mentioned that at the border of the penicillin inhibition zone 
the staphylococci may undergo some change in appearance and re- 
semble pneumococci. Altogether S % penicillin-resistant strains of 
staph, aureus have been demonstrated. Sulfa-resistant strains are 
somewhat more numerous (19%). In contrast hereto, no strepto- 
mycin-resistant strain of staph, aureus has been demonstrated. 

Staph, albus. Altogether 612 strains were examined mostly from 
otitic pus and from urines. On the %vhole, staph, albus may be looked 
upon as a saprophyte or contaminating microorganism. Most of the 
strains are sensitive to penicillin, sulfathiazole and streptomycin. 

Hemolytic streptococci are represented in this material by 445 
strains, chiefly from otitic pus (53 %) and from throat swmbs (25 % ). 

A majority of these throat swabs come from patients wdth scarlet 
fever. 


55 * 
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DisMbiition of the bacteria ia the vrcsciit viatcriai. 


Gram 

Bacterium: 

Total No. of 
strains 

Ear 

Nose 

Maxillary and 
frontal sinuses 

O 

Sputum 

Throat 

Pleural effusion 

Spinal fluid 

Blood 


Staph, aureus 

624 

356 

7 

1 

2 

28 

9 

3 

2 

4 


— alb us 

612 

275 

6 

3 

1 

56 

13 

— 

5 

G 

o 

o 

Slreptococ, liemoh'l. 

445 

236 

11 

— 

— 

ia 

112 

— 

3 

2 

o 

> 

— non-hemolyt. 

582 

104 

9 

3 

— 


50 

1 

3 

31 


Enterococcus 

633 

42 

3 

— 

— 

11 

7 

1 

1 

6 

0 

1 

E 

C3 

Enterococcus- 
like strept. 

84 

11 





1 

__ 

_ 


_ 

Pneumococcus 

259 

143 

7 

7 

1 

65 

6 

3 

15 

— 

o 

Gram-pos. coc., not 
further defined 

218 

71 

2 

— 

— 

36 

5 

— 

— 

1 


Colibact. 

493 

■1 







21 

4 

2 

2 

2 

-a 

Coli-like rods 

552 


1 

— 

— 

52 

8 

— 

4 

— 

o 

Klebsiella 

206 

■9 

— 

— 

— 

5 

— 

— 

— 

— 

o 

> 

Proteus 

382 

31 

1 

— 

— 

6 

2 

1 

1 

— 

« 

Pyocyaneus 

173 

69 

— 

— 

— 

2 

1 

— 

— 

— 

tc 

o 

Alkaligenes 

20 

6 

— 

— 

— 

1 


1 

— 

— 

c 

1 

Salmonella 

7 

1 

— 

— 

— 

— 


^9 

— 

1 

rt 

Pfeiffer 

59 

13 

— 

2 

— 

0 



37 

— 


Gram-neg. rods, not 
further defined 

on 

86 

1 

2 


04 

5 

1 

3 

_ 

. 

Meningococcus 

6 

— 

— 

— 

- 

— 

— 

— 

0 

— 

c: w 

O cf 
c 

Gram-neg. coc., not 
further defined 

0 

— 




5 

1 

— 

— 

— 

1 ^ 

Subtilis 

5 

4 




— 


— 

— 


c o 
c; H 

^ I/I 

O o 

Gram-pos. rods, not 
further defined 

20 

13 

— 

— 


2 


— 

— 



Monilia albicans 
(fungus) 

1 



_ 





1 

— 

— 

— 


Total 

5998 

1488 

48 

IS 




13 

82 

.‘53 


The hcmolylic streptococci arc all sensitive to penicillin and strep- 
tomycin, even though some of the strains (14%) only arc slightlj 
sensitive to streptomycin. As to sulfathiazolc, a great majority of the 
strains (72 %) are highly sensitive to this remedy. 17 % arc fouiul 
resistant to sulfathiazolc when undiluted cultures arc employed, hut 
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4. 

The figures 

give the number 

of strains. 
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1 
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48 

4 

1 

1 

4 

1 

I 

8 

39 

19 

23 

G 

4 

1 

1 

1 

3 

2 

3 

3 

- 

1 

1 

1 

1 

81 

27 

13 

10 

24 

2 

2 

19 

23 

6 

3 

5 

13 

1 

13 

19 

2 

1 

2 

5 

2 

1 

5 

1 

1 

1 

7 

2 

3 

4 

6 

1 

6 

9 

4 

29 

27 

4 

2 

7 

6 

367 

21 

20 

2 

2 

4 

7 

2 

10 

10 

~ 

1 

5 

1 

437 

8 

1 

2 

_ 

3 

2 

2 

4 

7 

1 

— 

2 

1 

198 





1 

— 




— 

— 

— 

— 

— 

1 

1 

314 

3 

— 

— 

2 

1 1 

2 

1 


4 

— 

— 

2 

1 

83 

3 

— 

1 

1 


— 

— 

1 

5 

1 


5 

1 

7 






1 _ 
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— 

2 

— 


— 
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— 

___ 
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4 

— 

— 

— 

— 

— 

j — 

— 

— 

— 

t 

— 

i 

— 

1 
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5 

2 

1 

2 

1 

1 

1 

1 

1 

11 

i ^ 
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6 
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— 

! 

1 

~ i ~ 

i 

i - 

i 

j 

— 
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1 

1 

1 

: 
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1 

j 


4 

1 


— 

_ 1 _ 


: 

1 _ 

1 
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2666 

■I 

125 


■ 


15 




37 

9 

51 

103 


with cultures diluted 1 ;200 only 4 % sulfa-resistant strains are seen. 

On 300 strains of hemolytic streptococci an attempt was made to 
group and tj’pe the individual strains.*) 144 strains are designated as 


*) I am greatly obliged to Dr. Knud Skadhauge, the State Serum Institute, 
tor his typing of the hemolytic and non-hemolytic streptococci. 
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Ax, L e., they belong to Lancefield’s group A but cannot be lype-dc- 
termined; the other strains are typed as well as grouped. One strain 
(from otitic pus) belonged to group C {C21), all the rest to grou]) A. 
being distributed on types 1, 4, 22 and 25. Type 4 is the most trcqucni 
(61 strains), then follow tyiJcs 1, 22 and 25 with respectively 45, 40 
and 9 strains. 

Hemolytic streptococci isolated from the throat are easier to type 
than are strains from otitic pus. Of the throat strains 87 % could be 
typed as against 40 % of the ear strains. From the other specimen.s an 
average of 42 % was typed. 

Non-hemohjiic streptococci. Altogether 582 strains of this category 
were examined. They originated chiefly from sputa, otitic pus and 
throat swabs. Most of the strains of non-hemolytic streptococci are 
sensitive to penicillin, sulfathiazole and streptomycin, but on com- 
parison to the hemolytic streptococci we here meet with more strains 
that are resistant to penicillin and sulfathiazole. 

What has been said of the hemolytic streptococci applies also to 
the non-hemolytic; that it can be decided whether or not a given strain 
be sulfa-resistant only W'hen the determination is performed on di- 
luted culture. Of 49 strains of non-hemolytic streptococci which in 
undiluted culture are sulfa-resistant, 22 — t e., nearly one half — 
arc found to be sensitive in diluted culture. 

On several of the strains, type determination was performed by 
means of fermentation tests. A great majority of these strains arc 
strept. mitis, and only a few are strept. equinus and strept. bovis. 

Enterococci. Altogether 633 strains were found, isolated chiefly 
from urine (75 %), but also not infrequently from otitic pus, cervical 
swabs, and pus from abscesses and fistulas. Enterococci are but slight- 
ly sensitive to penicillin. 57 % of the strains were found to be peni- 
cillin-resistant, 33 % relatively resistant, 10 % moderately sensitive, 
and none strongly sensitive. As mentioned, all the strains were found 
to be resistant to sulfathiazole, also on examination in diluted culture. 
Enterococci are somewhat more sensitive to streptomycin than to pe- 
nicillin. 

^Eniero coccus-like streptococci. Altogether 84 strains of this cate- 
gory are recorded. The occurrence of this group of bacteria corresponds 
fairly well to that of the enterococci. Thus a majority of them (60 %) 
were isolated from urine. The enterococcus-like streptococci are some- 
what more sensitive to penicillin and to streptomycin than arc entero- 
cocci (Table 3). All the strains are resistant to sulfathiazole, also in 
diluted culture. 

Pneumococci. The material contains 259 strains of pneumococci, 
obtained chiefly from otitic pus and sputa. In otitic pus, .staphylococci 
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d hemolytic streptococci are the bacteria most frequently found; 
then follow pneumococci (143 strains from 136 patients). The most 
frequent types here are: 19, 1, 3, 6 and 14. This type distribution cor- 
responds fairly well to the distribution found in a larger material 

(Morch, 1949). _ . 

In sputa, next to non-hemolytic streptococci pneumococci are the 

bacteria most frequently demonstrated. In 65 sputa the most frequent 
types are: 15, 3, 19, 1 and 20. The frequent occurrence of type 15 is 
a striking observation compared to the type distribution in a larger 
material in which types 1, 2 and 3 dominate in the sputa (Morch, 
1949). 

The resistance of the pneumococci has a great resemblance to that 
of the hemolytic streptococci. All the pneumococcus strains are sen- 
sitive to penicillin and sulfathiazole. All the strains are also sensitive 
to streptomycin, a few of them (7 %), however, only in a slight de- 
gree. There is no demonstrable difference between the resistance of 
the individual types. 

Several strains (218 altogether) have not been referable to the 
mentioned group of Gram-positive cocci and are therefore here collec- 
ted under the term i>Gram-positwe cocci not further defined«. Some 
of these strains resemble staphylococci but on account of their reac- 
tions in mannitol and citrate plasma they could not be referred to the 
groups aureus or albus. Most of these strains are sensitive to peni- 
cillin, sulfathiazole and streptomycin but a not inconsiderable part of 
them are resistant (see Table 3). 

Among the Gram-negative rods the colon group is represented most 
abundantl}'. Altogether 493 strains of colon bacilli are examined, and 
552 strains of coliform bacteria. Strains of the colon group are found 
quite predominantly in urine (74 % of colon bacilli and 79 % of the 
coliform rods). 

Coli bacteria and coliform rods show the same behavior to peni- 
cillin, 99 % of the strains in both groups being resistant, and only 
1 % being relatively resistant. Only 1/3 of the coli bacteria (32 % ) 
are sulfa-resistant, whereas about 3/4 (72 %) of the coliform rods are 
sulfa-resistant. Likewise, coli bacteria are more sensitive to strepto- 
mycin than are- the coliform rods. In the colon group the resistance to 
streptomycin is in 90 % of the strains associated with resistance to 
sulfathiazole. 

Klebsiella. 206 strains of the Klebsiella bacteria are isolated almost 
exclusively from specimens of urine (96 % of the strains). 5 strains 
(2%) are demonstrated in sputa. These Gram-negative capsulated 
bacteria are the most resistant of the Gram-negative rods. All the exa- 
mined strains are penicillin-resistant, and most of them are also resi- 
stant to sulfathiazole (89 %). Further, a little over 1/3 of the strains 
14b %) are resistant to streptomycin. 

Altogether 382 strains of proteus are examined, found chiefly in 
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specimens of urine (82 %), though not infrequentlj' also in olihc pus 
(8 %). 89 % of the proteus strains are penicillin-resistant, and 10 % 
are slightly, 1 % (3 strains) moderately, sensitive to this antibiotic. 
Most of the strains (73 %) are resistant to sulfathiazole. 85 % of the 
IJroteus strains are sensitive to streptomycin. 

By means of fermentation tests, 40 proteus strains are divided into 
3 types that are found uniform in their resistance to sulfathiazole and 
streptomycin, whereas they appear to differ in their sensitivity to pe- 
nicillin. Among these 40 strains 8 are slightly sensitive to penicillin, 
while the remaining are penicillin-resistant. These 8 strains all belong 
to the fermentation type proteus II, which thus appears to be the most 
penicillin-sensitive type of the proteus bacillus. 

Pijocyaneus. Altogether 173 strains were grown, chiefly from urine 
and otitic pus, respectively 48 and 40 % of the strains. All the pyo- 
cyaneus strains are penicillin-resistant, and a great majority of them 
(86 %) are also resistant to sulfathiazole. Most of them are sensitive to 
streptomycin. 23 % of the pyocyaneus strains from otitic pus arc sen- 
sitive to sulfathiazole, but only 6 % of the urinary strains. This fact, 
that more sulfa-resistant strains of pyocyaneus are found in the urine 
than in the ear may possibly be due to the circumstance that infections 
of the urinary tract are treated with sulfa preparations more often than 
are lesions of the ear, and that several strains in the former affection 
then become resistant under the treatment. 

Alcaligenes. The material includes 20 strains of alcaligenes, culti- 
vated chiefly from specimens of urine and otitic pus. All these strains 
are penicillin-resistant, and about half of them are sulfa-resistant. 
Most of the strains are sensitive to streptomycin. 

Only 7 strains of Salmonella bacteria are examined, namely: 5 para- 
typhoid B strains, 1 typhoid and 1 Salmonella enteritidis Dublin. All of 
them are penicillin-resistant and streptomycin-sensitive. To sulfalhia- 
zole 3 strains are resistant, 4 sensitive. 

Pfeiffer bacteria. Altogether 59 strains are examined, 37 of which 
were isolated from specimens of spinal fluid and 13 from otitic pus. 
The Pfeiffer bacteria are considerably more sensitive to penicillin than 
are the other Gram-negative rods. Most of the Pfeiffer strains are sen- 
sitive to sulfathiazole, and all of the strains are sensitive to strepto- 
mycin, most of them even strongly sensitive. 

A considerable part of the Gram-negative rods could not be dia- 
gnosed further with the technique here employed. These strains arc 
entered collectively under the designation :t>Gram-negaiive rods not 
further definech, of which 611 strains are examined. Like the majority 
of the Gram-negative rods also the greater part of these strains were 
found in specimens of urine. A few strains in this group have proved 
somewhat sensitive to penicillin, but a greater majority of them(94 ^c) 
are resistant. 68 % of the strains are resistant to sulfathiazole: and 
most of them arc sensitive to streptomycin. 
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Within the group of Gram-negative cocci 12 strains are examined, 
6 of which are meningococci, all isolated from specimens of spinal 
fluid and all of them sensitive to penicillin, sulfathiazole and strepto- 
mycin. The remaining 6 strains of Gram-negative cocci are not further 
defined. They have all been obtained from the respiratory passages. Of 
these strains 3 are resistant to penicillin, while 3 are sensitive. One 
strain is resistant to sulfathiazole, while the remaining 5 are strongly 
sensitive. All the strains are sensitive to streptomycin. 

Gram-positive rods. 25 strains of this category are examined, 5 of 
which are subtilis. These 5 subtilis strains are resistant to penicillin 
and sensitive to streptomycin ; 3 of these strains are resistant to sulfa- 
thiazole, 2 sensitive. The remaining Gram-positive rods differ greatly 
in their resistance. 

One strain of the fungus monilia albicans is resistant to penicillin 
and sulfathiazole as well as to streptomycin. The same is found to hold 
good of yeast cells. 

A brief survey of the occurrence of the different bacteria. 

After this account of the occurrence of the individual bacterial 
groups and their resistance, it will be a])propriaie briefly to review 
which bacteria are found most frequently in infections of the indi- 
vidual organs. In the present material the 2 largpst groups of specimens 
are made up of urine and otitic pus, with re.spcctively 2666 and 1488 
strains examined. 

The urines have jdclded quite predominantly Gram-negative rods 
and enterococci (including the enterococcus-like streptococcus), alto- 
gether 88 % : 


Gram-negative rods 

Enterococci and enterococcus-like streptococci 
Gram-positive cocci (except 
enterococci and enterococcus-like streptococci) 
Gram-positive rods 


1800 strains = G8 % 
522 » =20% 

331 » =12% 

4 » 


Of the 12 % Gram-positive cocci 6 % are strains of staphylococcus 
albus, which most likely represent contamination. Further, no doubt, 
a majority of the Gram-positive cocci not further defined are likewise 
to be looked upon as contaminating bacteria. Thus there remain hut 
few strains of Gram-positive cocci (excluding enterococci and entero- 
coccus-like streptococci) that may be looked upon as cause of urinary 
infections. As both the Gram-negative rods and enterococci arc resi- 
stant or relatively resistant to penicillin, it is reasonable to expect that 
penicillin therapy in infection of the urinary tract in most cases will 
prove ineffective — as indeed has been the general experience. 

Pus from infections of the ear has mostly yielded Gram-positive 
namely, 83 % — while 16 % are Gram-negative rods. Among 
he Gram-positive cocci the predominant species arc staph, aureus. 
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hemolytic streptococcus and pneumococci (Table 4). Of Gram-negative 
rods, (excluding the strains not further defined) the pyocyancus has 
heen demonstrated most often, proteus not infrequentlj'-, then the colon 
Sroup and the Pfeiffer bacteria. 

Another of the larger groups of specimens consists of sputa, from 
-which 617 strains have been examined. Here, as in the specimens of 
otitic pus. Gram-positive cocci are preponderant. Among these, non- 
hemolytic streptococci are the most frequent (220 strains out of 617 
= 35 %), then come pneumococci (11 %). Staph, albus is found with 
about the same frequency as pneumococci (Table 4). Of Gram-nega- 
tive rods, most of the strains belong to the colon group (12 %), i. c., 
about the same frequency as found for pneumococci. Further, there is 
found a rather large number of Gram-negative rods not further de- 
fined (about 10 %). 

In connection with the sputa it will be appropriate to mention the 
throat cultures, from which 229 strains are examined, largely isolated 
from scarlet fever patients, on which account the hemolytic strepto- 
cocci are the bacteria most frequently demonstrated (112 out of 229 
strains = 49 %). Then, in frequency, follow the nonhemolytic strepto- 
cocci which in throat cultures from non-scarlatinal patients are the 
most frequent bacteria. 91 % of the strains are Gram-positive cocci 
and 9 % Gram-negative* rods. Among the Gram-negative rods, coli bac- 
teria are demonstrated most frequently (5 %). 

From abscesses and other forms of pus altogether 221 strains arc 
examined, among which the Gram-positive cocci are by far predomi- 
nant (184 out of 221 strains = 84 %). The microorganism most fre- 
quently encountered here is staph, aureus (81 strains). Staph, albus 
is isolated from a not inconsiderable number of specimens (27 strains). 
24 strains of enterococci are demonstrated, 16 nonhemolytic strepto- 
cocci and 13 hemolytic streptococci. 36 strains of Gram-negative rods 
(16 %) were found in pus. 

The next, fairly large, group of specimens is made up of secretions 
from the cervix uteri from which 125 strains are examined: 79 % 
Gram-positiye cocci and 21 % Gram-negative rods. As a rule these 
secretions contain so few bacteria that these may not be demonstrated 
with certainty in a direct smear stained after Gram. In most cases no 
grow’th is seen on the plates inoculated directly with the secretion, 
while growth is obtained fairly often in serum broth. So the resistance 
determination is carried out on this culture, which implies a great 
risk of contamination — perhaps even as the only bacterial finding. 
Thus, staph, albus has been found to a large extent (39 of 125 strains 
= 31 %). Leaving staph, albus out of account, enterococci are most 
frequent (19 %), then follow the colon group (16 %), nonhemolytic 
streptococci (15 %) and staph, aureus (6 %). Whether the bacterial 
strains here found be the cause of the infection present in the indi- 
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Yidual cases, or whether thej' constitute merely an admixture from 
the vaginal flora, is impossible to decide. 

Pus from fistulas has yielded 106 examined strains. Most of the 
specimens originated from tuberculous patients. Gram-positive cocci 
were found in 60 % of the specimens. Gram-negative rods in 40 %. 
Staph, aureus is the microorganism most frequcutiy encountered, then 
follow coli bacteria and enterococci. 

In specimens of spinal fluid Pfeiffer bacteria arc the strains most 
frequently encountered (37 of 82 strains = 45 %); then follow pneu- 
mococci, 15 strains (18 %). Meningococci arc demonstrated in 6 speci- 
mens of spinal fluid. 

Blood cultures have yielded altogether 53 strains, 94 % of which 
are Gram-positive cocci. Among these strains, iinn-heinolytic strepto- 
cocci are the most frequent (31 strains). Only 3 strains are Gram- 
negative rods: 2 coli bacteria and 1 Salmonella enlcritidis Dublin. 

Nasal swabs have given growth of 48 strains, quite predominantly 
Gram-positive cocci. Hemolytic streptococci are hsolated in a large 
number of cases (23 %) which is explained by the fact that most of 
the nasal swabs come from scarlatinal patients. Other bacterial strains 
obtained in this way arc non-hemolytic streptococci, staph, aur. and 
pneumococci. From the peritoneal caviiij 47 strains are grown, 75 % 
of which arc Gram-negative rods. 29 strains (62 % ) belong to the colon 
group, and 4 are enterococci. In 37 specimens of pu.s from osteomijelitic 
processes 65 % Gram-positive cocci arc found, among which staph, 
aureus is the most frequent. Enterococci are demonstrated in 5 speci- 
mems. 

As to the remaining groups of the materia!, see Table 4. 


Discussion. 

Determination of bacterial resistance to penicillin, sulfathiazole 
and streptomycin is performed after the disc melhod, w’lich is easy 
and sufficiently accurate for the present purpose, which has been to 
gel an idea of whether a given bacterium is resistant or sensitive to the 
antibiotic intended for the treatment of the infection. A higher degree 
of accuracy is of no importance in this connection- A greater majority 
of the strains in this material have proved to be either resistant (0) or 
distinctly sensitive ( + -f- and +4- + ) to ail the S remedies mentioned. 
In practice, the few' relatively resistant ( -f ) strains have to be reckoned 
as resistant, as they may not be expected to he affected by these re- 
medies in ordinary dosage. Possibly larger doses may here prove ef- 
fective. 

The penicillin concentration emploj'ed for the disc method is chosen 
so as to make the observed inhibition zones of suitable size. The con- 
centrations of sulfathiazole and streptomycin are decided on in i ela- 
tion to that of penicillin. Comparison of the diluting method and the 
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disc method gives an idea of which growth-inhibiting concentrations 
correspond to the various inhibition zones (Table 1). 

Certain difficulties in the sulfa-resistance determination arc coun- 
teracted to a large extent by employing an ample amount of horse 
blood (10 %) in the plates and by performing some of the resistance 
determinations on diluted cultures. 

The 5998 strains of the present material originate chiefly from 
specimens of urine and otitic pus. The bacteria most frequently de- 
monstrated belong to the colon group, enterococci and staph, aureus. 

The resistance determinations show that the Gram-positive cocci 
(with exception of enterococci and enterococcus-like streptococci) on 
the whole are penicillin-sensitive, whereas the Gram-negative rods (ex- 
cluding in part the Pfeiffer bacteria) are penicillin-resistant. Most of 
the Gram-positive cocci (with exception of enterococci and enterococ- 
cus-like streptococci) are sensitive to sulfa preparations, whereas most 
of the Gram-negative rods are resistant to these remedies. Nearly all 
the Gram-positive cocci (still excluding enterococci and enterococcus- 
like streptococci) and more than 2/3 of the Gram-negative rods are 
sensitive to streptomycin (Table 3). 

Among the Gram-positive cocci, the enterococci and enterococcus- 
like streptococci occupy a position by themselves, being rather resi- 
stant, in particular, all the strains are sulfa-resistant. Among the pneu- 
mococci and the meningococci no strain was found to be resistant to 
penicillin, sulfathiazole or streptomycin. Nor was any strain of hemo- 
lytic streptococci demonstrated to be resistant to penicillin or strepto- 
mycin. 

It is a striking observation that coli bacteria are distinctly more 
sensitive to sulfathiazole and streptomj^cin than are the coliform rods. 
Among the Gram-negative rods, the Klebsiella bacteria are the most 
resistant, Pfeiffer bacteria the most sensitive. 

The largest group of the present material is made up of specimens 
of urine (2666 strains). Here Gram-negative rods and enterococci arc 
found to he far predominant, whereas infection with the other Gram- 
3 )ositive cocci is rare. Otitic pus and sputa yield chieflj’’ Gram-positive 
cocci, even though Gram-negative rods are found not infrequently. 
Thus, for instance, in sputa strains belonging to the colon group(12 %) 
are found at about the same frequency as are pneumococci (11 %)• 

Summary. 

Determination of the resistance of 5998 bacterial strains to peni- 
cillin, sulfathiazole and streptomycin is performed after the disc me- 
thod. Results obtained with this method is compared with results ob- 
tained after the diluting method. 

.A.n account is given of the technique employed, the results obtained 
and the occurrence of the individual bacteria in the different speci- 
mens here examined. 




FROM THE PATHO- AN ATOMICAL DEPARTMENT OF THE UNlVPTi^iT\ 
OF HELSINKI (CHIEF: PROFESSOR ARNO SAXRN, M.D.) 


ON GIANT FOLLICULAR LYMPHADENOPATHY 

By Erklci Saxdn. 

(Received for publication May 28tli, 1949.) 

In recent literature increasing attention is being attracted by a 
lymphoid disease known under the name of Brill-Symmers disease, 
giant follicular lymphadenopathy, follicular lymphoblastoma and fol- 
licular reticulosis. The interest aroused by this affection of the lymph 
nodes is probably due above all to the circumstance that according to 
the literature, this disease is a clinical and pathologic entity' which can 
appear as independent and benign, but which later often develops into 
sarcoma, lymphoid leukemia or Hodgkin’s disease. 


Clinically the disease is characterised by a genei'al or local enlargmont 
of the lymph nodes, often associated with splenic enlargmont. A clinical 
diagnosis is practically impossible to make. The first symptom is usually 
an enlargement of local lymph nodes, unaccompanied by any feeling of ill- 
health, and in a later stage giant follicular lymph-adenopathy (g. f. 1.) re- 
sembles Hodgkin's disease. 

It has been found that quite a mild roentgen therapy (300—500 r.) brings 
about a diminution in the size of the nodes, unless it makes them disappear 
entirely, but that recurrence is rapid under these circumstances, whereas a 
stronger radiation (2000 — 7000 r.) resulted within a loriger period in an 
asymptomatic condition of the patients (Uhlm.ann. Rubenfolt. Rossicr k 
Spuhicr). 

According to the literature ,a microscopic examination of (be node is the 
only way to establishing a diagnosis. Yet, this method also has its limits, 
which we shall deal with later. 

The pathologic anatomy of giant follicular lymphadenopathy (g. f- !•) 
known but little, due to the circumstance that in the majority of the c.nscs 
published the diagnosis has been made only on the basis of one or few node 
specimens. There is only a scant number of cases in the literature with 
necropsies performed revealing a similar aspect in all the examined 
whore the disease therefore actually appeared independently, at least in all 
probability (Terplan. Krause. Symmers). 

Histologic changes, which according to the literature arc the basis and 
tlie sole basis — of the diagnosis, have however been reported very incomplete- 
ly, probably due to the circumstance that but little is known of the cells 
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• the germinal centres and tlieir origin. The only actual change which is 
IVnrted to have been found in lymph nodes is the »numerical and dimen- 
Lnal livperplasia of the follicles«, as expressed by the term recurring m 
the literature. The follicles are round or oval, but their changes are ex- 
ceedingly variable. They are not only found in the periphery of the nodes 
but also in their centres, side by side or more isolated, separated by lymphatic 
or connective tissue. The germinal centres are formed from (1) cells con- 
sidered embryonic, with a large hypo- or almost achromatic nuclei and a 
pronounced nuclear membrane, and from (2) similar cells with somewhat 
darker nuclei, as well as thirdly from (3) large lymphocytes rich in chromatin. 
These three different cellular types are found in variable correlations, and 
some follicle can be formed solely from small lymphocytes. 

Since it is known that lymphoid structures in general respond to 
irritation by hyperplasia and numerical and dimensional follicular 
increase are specially apt to he found in association with infectious 
states and with neoplasms, the conception seems somewhat strange 
that a specific disease, giant follicular lymphadenopathy (g. f. 1.) can 
he differentiated only on the basis of small quantitative dissimilarities, 
a disease which can persist independently or undergo transformation 
into lymphoid leukemia, lymphosarcoma or Hodgkin’s disease. 

If this conception is actually true, the disease would present con- 
siderable interest in the clarification of the genesis of lymphoid 
diseases and would at the same time have a clinical significance. It 
would be particularly interesting to a pathologist who has to produce 
reports on specimens of tissue sent to him for examination. 

Is a pathologist able to maintain, on the basis of those criteria 
which are established for g. f. 1. in the literature, while studying the 
microscopic picture of lymph nodes, that the disease in question is 
most serious and frequently an early stage of an affection of lymphoid 
tissues resulting in death, or should he — as has been the general 
custom so far — confine himself to a diagnosis of hyperplasia which 
may develop as a result of very dissimilar irritants? 


The material. 

^ In my endeavours to throw some light on the question I have studied 
oOO specimens of lymph nodes sent to the Patho-Anatomic Department of the 
University, Helsinki, where the responsible pathologist had made a diagnosis 
of lymphadenitis, hyperplasia, Hodgkin’s disease, lymphosarcoma or lymphoid 
leukemia. The cases are distributed as follows: 

Lymphadenitis chronica Hyperplasia gl. lymph. 280 


Hodgkin’s disease 113 

Lymphosarcoma 82 

Lymphoid leukemia 25 


5U0 


tiio 1 chose those cases which had exhibited changes corresponding to- 

we in the literature in connection with g.f. 1. Since however 

Rerminni extent of the enlargment and increase of follicles and their 
nal centres m different infectious and other diseases, it is natural that 
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the drawing of a demarcation line for g. f. 1. is somewhat arbitrary. Therefore, 
in choosing tlie cases, we have endeavoured to make the criteria as strict 
as possible, and only such cases have been included in which the numerical 
and dimensional hyperplasia of follicles and their germinal centres was 
particularly noticeable and striking. Of such cases there remained 15 after 
a critical examination, 12 belonged to the group Lymphadenitis, Hyperplasia 
gl. lymph., and in 3 lymphosarcoma was suspected. 

Symptomatology. 

Now, in all probability, these 15 cases ought to be affected with a special 
Ij'-mphoid disease. Yet it became evident already when studying their clinical 
picture (table 1), that a lymphoid disease was suspected on the basis of 
clinical S 3 'mptoms in less than half of these cases (Hodgkin’s disease in 5, 
lymphoid leukemia in 1 and Ij-mphosarcoma in 1). For the remainder either 
the following diseases Avere suspected or the following diseases established: 
metastatic carcinoma in 5, chronic polyarthritis in 1, dermatitis herpetiformis 
in 1 and duodenal ulcer in 1. 


Histology. 

In all these cases, as already mentioned, the removed lymph nodes revealed 
histological changes similar in so far, that greatly enlarged germinal centres 
wore found in the entire node (fig. 1 — 3). The original architecture witli lymph 
cords and sinuses had disappeared. The interfollicular tissue was compressed 
and lymphatic sinuses were generally indistinguishable. There was only a 
slight proliferation of sinus lining cells and of the medullary reticulum. 8 
cases revealed round germinal centres, in G some of them were distorted, and 
in 2 the limiting zone of lymphocytes surrounding the germinal centres was 
diffuse, with cells of the germinal centres dispersed into the vicinity of the 
diffuse margin. By the use of silver impregnation methods only relatively 
few reticulum fibrils were found in the follicles (fig. 4). The reticulum fibrils 
of the interfollicular tissue were not increased. In general the germinal centres 
clearly revealed the three cellular tj'pcs described in the literature. 

In order to be able to make a closer comparison between individual cases, 
nuclei of different tjTAes visible in five different fields were counted in five 
germinal centres of each node. When assessing the result obtained, it must 
however be taken into account that germinal centres arc known to undergo 
instant changes in alternating active and resting phases. Endeavours have 
thei'cfoi’o been made to perform the counts from large germinal centres 
at the place of the largest section. As a basis of classification the grouping 
alreadj' mentioned, usuallj' adherent to in the literature, was used. Cells with 
a nuclear size of 8 X 8 u or more were placed into the first group. The limits 
between the groups are not clear, but since the writer has himself performed 
the slainings and made the counts, the figures obtained are of a certain com- 


parative value. 

A comparison of the values obtained to each other makes it evident tlint 
the variations within the germinal centres of the same node are small, wit!\ 
the exception of case 4. Also when comparing the I’csults obtained froin the 
nodes of different cases one finds that the variations arc most insignificant. 


Vet two cases unmistakably differ from others (G.7). 


Discussion. 

G. f. 1. and lijmphoid leukemia. 

Case G differed from the others by the circumstance that a great 
majority of the cells in the germinal centres were cells containing 






Case 8. Clinical diagnosis Dermatitis herpetiformis. The photograph clearly 
illustrates the numerical and dimensional hyperplasia of the follicles. 
Van Gieson's llaeinatoxylin and Pikro-Siiurefuchsin. 







L, 

Fig. 2. 

Case 10. Diagnosis Carcinoma mcdvillarc mammae. The axillary lymph node 
reveals numerical and dimensional hyperplasia of the follicles. Heidenhain’s 

Iron llacmntoxvlin. 


Pia- .V. 

\ diagnosis Hodgkin’s disease. Removed cervical node shows a 

pciise zone of small lymphocytes surrounding germinal 
ICS IS clearly visible. Van Gieson’s Haematoxylin and Pikro-Siiure- 
fuchsin X 30. 

Acu path. Vol. XXVI. 6 





Fig. L 

Case 2. Gomori staining cleavl}’’ reveals enlarged germinal centres. Reticulum 
fibres are not increased. Gomori X 220. 


% 


Fig. 5. 

Case 5. Clinical diagnosis Polyarthritis chr. Hodgkin’s disease. Lympiiocytc 
zones surrounding germinal centres and their pale nuclei arc clearly di- 
stinguishable. Heidenhain’s Iron Haemato.xylin X 450. 
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Fig. 6. 

Case 0. Clinical diagnosis Leucaemia lymphatica. The germinal centres are 
fiirined nearly exclusively from cells with middlosized oval nuclei with b'lt 
stii.'ill variations in shai)e and size. The cells are evidently immature lyrniiiie- 
cytes. Heidenhain's Iron Hematoxylin X 10.50. 
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I'Ul- 7 . 

Ca«o 7. Diagnosis Lyini)Iio.sai'coina. Alnnulant nnioiiiit, of largo pale nuclei 

in genninal centres. Ileidcnhain's Ircni Iletnatoxylin X ]0.)(). 



Fi(,. S. 

Piccctling case under weaker magnification. Hexeals how the follicles are 
more (liffu.se in places and cells of the germinal centres seemingly escaping 
into the surrounding tissue. I.arge pale nuclei in germinal centres are visible 
in this magnification as well. Heidenhain’s Iron llcmato.xylin X 110. 


pale, oval, middle-sized nuclei, with l)ut scant variability in sizes and 
shapes (fig. 6). Tlie nuclei reseinhled immature cells of the lymphoid 
series found in lymiihoid leukemia, this disease being here concerned 
clinically. Even if a clinically pronounced lymidioid leukemia revealed 
in the nodes changes characteristic of g. f. 1. there were yet such dis- 
similarities in the cells of tlie germinal centres, that the case is 
distinctly different from oilier cases of this material. 

Mention is made in the literature that g. f. 1. can he >'transfonucd 
mlo lyinjihoid leukemia« (Symmers). However, the circumstance must 
he taken into account that the cellular proliferation in germinal centres 


X6* 
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found in lymphoid leukemia causes swelling and increase of the fol- 
licles and the germinal centres, finally filling the entire tissue of the 
node. Therefore it does not seem surprising that some nodes reveal 
changes resembling those described in g. f. 1. 

The case belonging to this series supports this opinion. Of the 
cases reported in the literature where g. f, 1. was transformed into 
lymphoid leukemia, only two mention the structure of cells in germinal 
centres (Symmers). In these cases they were chiefly formed from 
hyperchromatic embr 3 'onal cells of the large lymphocytic type. It is 
therefore possible that there might only be a question of incipient 
Ijmiphoid leukemia and not of an independent disease g. f. 1. 


G. f. 1. and lymphosarcoma. 


Case 7 differs from the others of this series in so far as large 
pale nuclei were found in its germinal centres to a considerable 
greater extent than in the others. The case is also individual in such 
respect, that the same node revealed areas whose germinal centres were 
not clearly limited, their cells escaping into the surrounding tissue, 
presenting in places a picture of Ij'mphosarcoma (fig. 7 — 8). 

As already said at the beginning of this paper, mention is made 
in the literature that g. f. 1. can develop into lymphosarcoma. It has 
been claimed accordingly that nodes can be found in one and the 
same patient revealing changes typical of g. f. 1., and nodes with 
seemingly ruptured follicles whose cells are diffused into the sur- 
rounding tissue, presenting in other words the aspect of Ij’mpho- 
sarcoma. It must however be taken into account that these cases may 
also have been affected with primary lymphosarcomatosis, the g. f. 1. 
changes being secondary, possibly produced under the influence of 
irritants due to sarcoma. On the other hand, there are cases published 
in the literature, to which the case in this series also belongs, where 
regions have been found in the same node with changes corresponding 
to those of g. f. 1., and regions with a picture of lymphosarcoma. It is 
to be assumed on the basis of these cases that some Ij'mphosarcomas 
can commence with the enlargmcnt and increase of follicles and their 
germinal centres. It is notewortlj' that the observation has been made 
in the case belonging to this series, that also those regions which at 
first glance presented a picture tj'pical of g. f. 1., the germinal centres 
being closelj' defined, contained considerablj' greater numbers of large 
pale nuclei than were revealed in the germinal centres of other cases. 
It can therefore be assured that at least in some cases the malignilv 
of the disease could be determined with the help of cells in germinal 
centres. Such an indication was also made bj" Stout 1947. He classifies 


the Ij'inph nodes in g. f. 1. as belonging to the Ijunphosarcoma group. 
He distinguished two different groups. Those where the follicles are 
clearly limited and hypertrophic in a waj’ corrcs])onding to g. f- 
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• nd lliosc where the follicles arc made up of larger cells and often 
hive diffuse limits. After a i)criod of 5 years his series comprise 50 
‘r cent survivors in the first and 26.3 per cent in the second group. 
It can he assumed that al least in part of the cases in the former group 
the* lymph node modifications may he due to some other disease, 
whereas the later is a presarcomatous stage. 

G. f. 1. and Hodgkin’s disease. 

Aside from these two cases descrihed ahovc, the histological changes 
were similar in all instances, i. c. it was not possible to differentiate 
between them on the basis of the methods employed in the investiga- 
tion. Of the 15 cases embraced by the material, only 5 remain, i. e. 
the cases clinically resembling Hodgkin’s disease (1 — 5), which may 
be a manifestation of the independent disease descrihed in the li- 
terature, g. f. 1. When assessing these eases, it must however he taken 
into account, that a biopsy was taken in one ease only al a later stage 
of the disease (then simple hyperplasia) (case 1). and only one case 
{c.asc a) was examined iiostmortally (I did not have any histological 
sections al my di.sposal). Since only few biopsies were taken or nodes 
removed al the heginning, it is possible that changes typical of Hodg- 
kin’s disease were simultaneously present in the remaining nodes. Nor 
can it he said with certainly whether the changes remained unchanged 
until death, or whether possibly a histologically ty]>ical Hodgkin’s 
disease developed. In the 3 cases which could he followed up until 
death, death ensued in 6 months to one year after the removal of the 
node. It can therefore only he said on the basis of these eases that 
g. f. I. changes in lymph nodes can he found in a malignant disease, 
clinically resembling Hodgkin’s disease. 

It has been said already that according to the literature g. f. 1. can 
.appear as an independent condition, clinically resembling Hodgkin’s 
di.sc.asc, even if a patho-anatomically typical Hodgkin’s disease can 
develop on the basis of the former. Since, however, in those cases re- 
ported in the literature where an also histologically typical Hodgkin’s 
disease developed from g. f. I., the g. f. 1. diagnosis had been made on 
the basis of only one or two lymj)h node specimens the possibility 
previously referred to should be considered, that these were eases of 
Hodgkins disease from the outset and the g. f. I. changes secondarily 
produced by this disease. On the other hand, it cannot be denied that 
Hodgkin’s disease, such as it is described in the literature, could begin 
J follicular hyperplasia, and that at least in some cases the g. f. 1. 
changes could therefore be regarded as an earlv stage of Hodgkin’s 
disease. 

G. f. 1. as an indcjiendent disease, persisting as such to the final 
sage, can he demonstrated with certainly only in those infrequent 
cases published in the literature, which revealed at autopsy in all the 
.Mup nodes examined changes typical solely and exclusively of g. f, 1., 



Tahk I. . 


Case 

N:o 

Sex. 

Age 

Clinical diagnosis 

Lymph gland swcllinR 

at biojj.sy 

1 

o 

— 

Hodgkin's disease. 

cervic. axill. 

2 

o' 

70 

Hodgkin's disease. 

axill. cubit. 

3 

o" 

20 

Hodgkin’s disease. 

cei'vic. ingv. 

4 

cf 

43 

Hodgkin’s disease? 
Carcinoma inteslini? 
Polyposis inteslini? 

mesenterial 

ingv. 

splenomegaly. 

5 

j 

o 

25 

Hodgkin’s disease? 
Polyarthritis clir. 

cervic. axill. 
splenomegaly. 

c 

o’ 

on 

Lymphatic leucemia. 

cervic. axill. 
ingv. 

splenomegaly. 

7 

9 

52 

Lymphoma ma- 
lignum. 

ingv. 

8 

9 

G 

1 

Dermatitis herpeti- 
formis. 

I 

cervic. axill. 
ingv. 

9 

1 

Q j 

i 

1 

1 

i 

35 

Polyarthritis clir. 
•Anemia gravis. 

cervic. axill. 

10 

1 

5 

44 

Carcinoma mammae. 

axill. 

11 

9 

03 

Struma maligna. 

cervic. 

12 

i 

i 

o' 

5") 

Carcinom.'i ante- 
hi-achii. 

axill. 

13 

o' 

;1() 

Carcinoma vontriciili 

axill. 

14 


39 

Carcinoma inteslini. 

me.-eiiterial. 

13 

- 


Stenosis pylori e.v 
ulcere duodeni. 

me.‘'cnterial. 


•i niUis. 


1 mill. 

2 mills. 

10 mills. 
2 ycavs 

1 mill. 

G mills. 


1 yoiir 

G mills. 

1 year 


0 mlli.s. I 

1 

i 

1 


8 mills. 


1 year 

2 years 

i years 


I i yea rs 

C mills, j 

i 

i 

1 year ; 


2 years 

1 year 

2 years 


White blood picture normal. No data con- 
cerning later development. 

Died from general asthenia. 

While bloofl count normal. 

Ahdominal pains during \ years. Opera- 
tion revealed a tumour in the duodeno- 
jejunal flexure and enlarged mesenterial 
nodes (specimen 1). Enlarged lymph- 
nodes appeared one year later in the in- 
gvinal (specimen 2) and axillary folds. 
White blood count normal. 2 months 
later the patient succumbed to general 
asthenia. 

While Idood count normal. Subjected to 
radiation and Ziemsen cure, condition 
improved, nodes unchanged. 5 months 
later on.sel af pericarditis and pleurisy 
n-ith death ensuing. Aulop.sy revealed 
enlarged nodes in the thoracic cavity, 
ahdominal cavity and inguinal and ax- 
illary folds. 

Blood count i-evealed 89.000 leucocytes, of 
them 0;l per cent lymphocytes. Subse- 
quent to roentgen tliorapy and arsenic 
cure the swellings were absent for G 
months. 

White blood count normal, condition con- 
tinues good. 

White hlood count normal. Eruption im- 
proving sometimes, simultaneously 
smaller node.s. 

III). 83. While blood picture normal. Re- 
covered on li\er therapy. DeveIoi)cd 3 
mths. Inter severe granulocytopenia 
(leucocytes 1.000) which responded to 
hlood transfusions and the elimination 
of aminophenazone the patient had been 
using for 13 years. Patient is well and 
lymph nodes have disappeared. 

Histologic dgii. carcinoma medullare 
mammae. White blood count normal. 

Cause of death: Dyspnoe e compressione 
laryngis. Atelectasis lob. inf. pulm. He- 
moglobin 58, white blood picture normal. 

■Amputatio humeri et evacuatio axillae 
were performed. Succumbed to general 
asthenia. 

Rescctio Yontriculi was i)orformed. Hist, 
dgn. adenocarcinoma. 

Duodenojejunostoniia was iierformed Hist, 
adenocarcinoma. 

Gastrojejunostomia was performed. Pains 
persist. Can manage on a diet. 
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without any signs indicative of other diseases. Other cases can weli 
be studied also without assuming the existence of an independent di- 
sease of the lymphoid system, g, f. 1., which in my opinion has not yet 
been conclusively proved. 

G. f. L and malignant tumours. 

Examples of those cases of which it can be said with certainty that 
they were not an independent disease of the lymphoid system, g. f. I., 
hut which, however, showed similar changes in the lymph nodes as has 
been described in association with that disease, are provided by the 
cases of this series in whom the changes in question were revealed in 
regional lymph nodes removed in connection with tumours or hecavso 
of suspected tumours (10 — 14). It should he repeated that the number 
of follicles was increased, they were enlarged and they were found 
both in the cortex and the medulla. No significant proliferation of re- 
ticular cells were found. The sinuses were narrowed or blocked and 
the interfollicular tissue compressed (fig. 2). In three cases the pri- 
mary tumour was revealed bj' histological examination as carcinoma, 
and the other two were clinicallj' unmistakable cases of malignant 
tumours. Not one of them has shown any signs indicating a lymphoid 
disease. Case 15 may possibly be compared to tumour cases. In this 
case the lymph node had been removed from the mesenterium in con- 
nection with gastrojejunostomy performed on a diagnosis of .stenosis 
ex ulcere duodeni. It should he said, however, that this may also have 
been carcinoma or stenosis brought about by the swelling of the 
lymph nodes. 

All those investigators who have studied the aspect of g. f. 1. arc 
agreed that the changes in the Ijonph nodes found in it arc difficult 
to distinguish from hyperplasia associated with neoplasms. According 
to all the distinction can, however, be made. Thus Hcinzclmann writes: 
» — the diagnosis of g. f. 1. must be made on the basis that the follicles 
are larger and more numerous, more densely packed and difficulty 
distributed in the entire gland — also in the medulla — than in the 
"ase of simple hj'perplasia.« Baggenstoss and Heck examined biopsictl 
specimens of Ijmiph nodes from 50 cases in which a diagnosis of in- 
flammatory lymphadenopathy had been made and they found that 
»in none of these cases was there any' difficulty in distingui.shing the 
histologic appearance of the nodes from that of follicular lympho- 
blastoma.-!: 

However, as jireviously mentioned, the lymph node changes in the 
5 cases of this scries associated with carcinoma, could not be distin- 
guished from the changes reported in the literature as typical of g. f- 
nor could the distinction be made in the other cases of this material. 
In other words, it appears as if carcinoma and perhaps also other 
malignant tumours — probably the tissue necrosis associated with it 
and different products of disintegration — can produce in regional 
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Ivmnh nodes changes found in g. f. 1. This is also to some cxtcnl sup- 
^ r»Pd bv the observation that hyperplasia found in association with 
Seoplasins has so often been described as »difficult« to distinguish 
from hyperplasia found in g. f. 1. 


G f. I and skin changes. 

Mention is also made in the literature of skin changes appearing 
in association ^Yith g. f. 1. (Symmers. Combes). Also in this series there 
is one such ease (case 8). It was that of a girl aged 8 years who for 
the time of 3 years had suffered from severe eruption (dermatitis her- 
petiformis). There was a persistent swelling of cervical, inguinal and 
axillar lymph nodes. According to the history given by the patient, 
they were smaller while the eruption was better. All three lymph 
nodes removed presented a picture typical of g. f. 1, (fig. 1). This ease 
suggests the idea that severe exudative skin disease can produce g. f. 1. 
changes in superficial lymiih nodes, and not that there is a question 
of an independent disease of the lymphoid system, with associated 
skin symptoms. This opinion is also supported by the nodes being 
smaller while the eruption was better. Yet it is true that eases described 
in the literature, where g. f. 1. found together with skin changes deve- 
loped into lymphosarcoma or into Hodgkin’s disease, arc difficult to 
understand on the basis of this assumption. 

G. f, 1. and polijnrlhrUis. 

A special character is exhibited by case 9 of this series, where 
.swellings of lymph nodes were manifested in association with poly- 
arthritis. 

This ease was tlmt of a woman aged .‘15, who was affected with chronic 
polyarthritis, severe anemia and swelling of the cervical and axillai-y nodes. 
The HI) was 33, Index 1, 10 and the leucocyte count 8000. The white l)1ood 
picture normal. Sternal puncture revealed very rapid crythropoesis and a 
leucopoesis slower than normal. A cervical node removed at that stage showed 
changes typical of g. f. 1., with an occasional eo.sinoi)hiI seen among the small 
lymphofycs in the intcrfollicular spaces. Anemia responded to liver treatment, 
but ■{ months later the patient developed severe granulocytopenia. The Hb 
level was 70, Index 0.90, the leucocyte count 1000, transitional 1.5, polynuclear 
3.0, eosinophils — , basophils 0.1, monocytes 0.5, lymphocytes Ot.O per cent. 
Sternal puncture revealed at the time an eiylhropocsis of normal velocity 
end a normal amount of lymphatic cells l)ut granulocytic elements were 
entirely absent, with the exception of liasophilic ioucocytes. The anemia im- 
proved subserfuent to blood transfusion and to tile oiimination of amino- 
P lenazone which the patient had been using for 13 years. .After this the patient 
las felt well for a time of 4 years. Nor could any swellings of the Ivmph 
nodes be found later. ' 

In case 5 as well the patient had suffered from chronic rheumatic 
Pol5^^^U^ritis during 6 years prior to the onset of a clinically typical 
odgkin’s disease. This ease has been dealt with in connection with 
“oclgkin’s disease. 
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There are at least llirec cases described in the literature (Syninicrs. 
Heinzelmann. Chevalier) where swelling of the lymph nodes was as- 
sociated with polyarthritis and where the structure of the lymph nodes 
was that manifested in g. f. 1. Of these, the case described by Syinnier 
1938 is practically similar to case 5 published in this paper. Special 
features were the necrotic follicular changes observed in the lymph 
nodes after death. In Heinzelmann’s case, on the other hand, the hi- 
stological changes resembled more simple hyperplasia which can be 
seen in association with polyarthritis. Chevalier’s case can perhaps be 
compared to case 9 of this series. In his patient the causative agent was 
evidently a toxic gold dose, although possibly transmitted by derma- 
titis. In the case belonging to this series one is tempted to assume 
that the aminophenazone might have played a share in producing 
swelling of Ij'inph nodes. 


Summary and conclusions. 

The material comprises 15 cases collected in such a way that of 
500 lymph node specimens diagnosed by the examining pathologist as 
lymphadenitis, hyperplasia, Hodgkin’s disease, lymphosarcoma or lym- 
phoid leukemia, such instances w'ere chosen whose structure confirmed 
to the criteria put forward in the literature for giant follicular lym- 
phadenopathy. Of these 12 were diagnosed as lymphadenitis or hyper- 
plasia, and in 3 Ij’mphosarcoma was suspected. 

While studying the clinical picture of the cases, it become evident 
that the clinical aspect corre.sponding to similar changes in the lymph 
nodes was of a vastly different nature. Similar changes were found in 
association with carcinoma in regional lymph nodes, in superficial 
lymph nodes associated with exudative skin disease, and in ])alicnls 
affected with chronic polyarthritis. Changes of similar nature were also 
correlated with lymphoid leukemia, lymphosarcoma and a clinically 
typical Hodgkin’s disease. 

Hyperplasia manifested in lymphoid leukemia and lymphosarcoma 
could be distinguished from hyperplasia found in the remaining cases 
of the scries, by means of differences seen in the nuclei of germinal 
centres, and by the circumstance that in places the cells seemed to 
escape into the surrounding tissue. 

In the lymphoid leukemia the germinal centres consisted exclusive- 
ly of cells with oval, middle-sized nuclei, with but small variations in 
shape and size, cells which must be regarded as juvenile forms charac- 
teristic of cellular infiltration in lymphoid leukemia. 

In lymphosarcoma the germinal centres revealed abundant amounts 
of large pale nuclei. 

The etiological factor was probably the tissue necrosis and different 
products of disintegration in hyperplasia manifested in connection 
with carcinoma and exudative skin disease. In the case affected with 





ijolyarthritis it is possible that aminophenazone had been responsible 
for the swelling of the lymph nodes. Hyperplasia found in lymphoid 
leukemia and lymphosarcoma must evidently be regarded only as an 
early manifestation of the disease. 

Of the 15 cases comprised by the material, an independent disease 
of the lymphoid system, g. f. I. can only be entertained in those 5 cases 
who had a clinical resemblance to Hodgkin’s disease. Yet, where these 
cases are concerned, the possibility is equally probable that they were 
barely instances of incipient Hodgkin’s disease or that the changes 
characteristic of g. f. 1. were a secondary development in regional 
lymph nodes under the influence of »loxic agents« associated with 
Hodgkin’s disease. In other words, the genesis would be similar to that 
found in hyperplasia in connection with carcinoma. 

Although the drawing of conclusions is greatly limited hy the cir- 
cumstance that only a few lymi)h nodes had been studied in these 
cases, it can yet be claimed with certainty that similar changes as re- 
ported in the literature in connect with g. f. 1., can he found and often 
are found without there being any reason to assume the presence of 
an independent disease of the lymphoid system. 

In cases where g. f. 1. has been described as proceeding lymphoid 
leukemia or lymphosarcoma, it is possible that the disease was in- 
cipient lymphoid leukemia or incipient lymphosarcoma. A distinction 
between them and other follicular hyperplasias may be possible on 
the basis of the nuclear dissimilarities found in germinal centres prior 
to any changes in the interstitial tissue. 

It should be said that the diagnosis of an independent disease of 
the lymphoid system g. f. L, which according to the literature is to be 
made solely on the basis of a histologic examination of lymph nodes, 
is not only limited by the fact that the same node can reveal areas of 
different structures and the same patient have nodes of a different 
structure, but also by the fact that changes associated with g. f. 1. 
can be found in numerous other diseases. 


These limitations of the histologic studies also reduce the value 
of observations made in radiation treatment of g. f. 1., since in these 
cases the diagnosis is generally established only on the basis of one 
or two lymph node specimens. 


The changes manifested in g. f. 1. are not specific this being 
evidentlj’ a question of only some mode of reaction of the lymphoid 
system to several different toxic and/or inflammatory agents. 

The observations made on the basis of this material perhaps justify 
the conclusion, important in a ijractical sense, that if we see a histo- 
logic picture of g. f. 1. revealed in some lymph node specimens, we 
have reason to suspect a serious condition. The material evidences fur- 
thermore that this disease can be of very dissimilar nature, being only 
m some cases a true disease of the lymphoid system. The observations 
Made in this investigation also indicate that by making an exact dif- 
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ferentiation of the dissimilar cellular shapes of enlarged germinal 
centres, better results can he obtained in diagnosis. Such conditions as 
lymphoid leukemia and Ijunphosarcoma could then perhaps be distin- 
guished from other diseases ■where numerical and dimensional hj-per- 
plasia of the follicles is found. 
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STUDIES OF THE LIFE-CYCLE OF PROTEUS HAUSER 

PART 2 

Johs. Kvittingcn. 

(Received for publication May 28th, 1949.) 

In a previous work, published in this journal, it W'as shown that 
Proteus Hauser has a life-cycle, which was broadly accounted for. It 
was established that regularly arranged granules are formed in the 
»swarmers« during the rest-period, and that the division takes place 
through the middle of these, so that each new' cell gets a granule in 
either end. The division also takes place through the terminal gra- 
nules. The rather strange phenomenon w’as pointed out, that the end- 
pieces that are partitioned off, get only half the granular mass of the 
other segments. The fate of these »monogranular« end-pieces w'as dis- 
cussed, and it w’as suggested that they in some w’ay or other stood in 
relation to the development of the sw'arniers. 

To study the cellular development in greater detail and possibly 
find out the mechanism and development of the sw'armers, experi- 
ments w’ere made w'ith the intention of isolating single cells or groups 
of a few' cells and w'atch their development. Different phases of the 
cycle described w'ere taken as starting-points for these studies, and on 
the following pages an account is presented of : 

1. The cellular development from short forms to sw'armers. 

2. The cellular development from swarmers in different stages via 
short cellular forms (multiplying forms) to development of new' 
sw'armers. 


Media, inocuhnn and technique. 

1%% agar plates w'ere used with cast-in slides as before described. The 
agar lapr over the slide w'as measured to about 1 m/m, and the plates were 
noculated as soon as they had congealed w'ithout being dried in the in- 
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As inoculum was used a suspension of microbes in the phase wanted as 
starting-point. A drop of the suspension was spread over the agar plate with 
a bent glass-rod. By help of the drylcns of the microscope, the plate was 
inspected at once, and in case the inoculum was too dense, an adequate 
portion of microbes was removed with the i-od. 

Tlic slide was cut out and placed on the mechanical stage of the micro- 
scope. Over a field of suitable density of microbes was placed a cover-glass, 
the agar outside the cover was cut off and the edges were sealed with paraffin 
to prevent drying during the experimental period. 

The inoculum was taken from a plate culture, which at any time could 
ho observed under the microscope. By lielp of direct inspection of the live 
cultui’o, and, if necessary, supi)lcmenlod l)y stained preparations, it was quite 
simple to choose parts of the plate with cells in the phase wanted. 

In some experiments the slide was cut out as soon as the inoculum had 
been spread. In parallel experiments the slide was cut out after some time’s 
incubation, at a stage when it could he seen that the cells were in lively 
division. 

The experiments were made both at room temperature and at 37° C. The 
.slow development at low tcmi)erature no doul)f gives the best insight into 
what is happening. But on the other hand, it binds the observer and apparatus 
for a long lime. To speed up development the expeidments nere, as mentioned, 
partly carried on in incubator at 37° C. The microscope was then placed in 
the incubator. 

For technical reasons and partly for lack of films, it has not been possible 
to supply this work with as many and good photos ns desired. In some cases 
.sketches had to bo made. 


1 . The cellular development from short forms to sivarmers. 

With llic Iccliniquc described above, an inoculum, that contained 
practically only short cell forms, was spread. After repeated observa- 
tions of the development, both of a single cell and of small groups of 
up to 4 cells, from the moment the inoculum was .spread, till the mo- 
ment the new-formed swarmers made their first movements, it was 
possible to form an opinion of what was happening. First an attempt 
will be made to de.scribc the development without relation to time or 
special experiments, and afterwards some actual observations will be 
reported. 

The short cell forms pa.ss through: 1, a multiplying phase, and 2, 
a differentiation phase. 

To 1. In this phase the cells divide into two seemingly identical 
individuals. It is possible to ascertain that the newlj'^ partitioned cells 
have a compact hody in cither end, that the same cells, when they in 
their turn have come to their division period, have got a compact body 
in the middle between the terminal bodies, and that division takes 
place through this one. 

To 2. After a greater or smaller number of divisions, it appears that 
some cells take quite a peculiar course of development. Instead of di- 
viding in the middle into two quite identical individuals as before, 
they abscind a short piece at one end. After the abscission it looks as 
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if in some cases, the cell has finished its multiplying period, in a re- 
latively short time growing into a swarmcr. The abscinded end-piece 
does not divide and grow, as long as it is possible to keep it under 
observation, that is till the swarming begins. Whether the end-piece is 
a Cell-part capable and living, or a part that will disintegrate, is diffi- 
cult to decide, because of the short time it is possible to keep it under 
observation 

It is difficult to ascertain how large a part of the short cell forms is 
transformed to swarmers in the way described above. For as the cell 
group increases, the observation becomes more difficult, and when the 
number has reached 30 — 40, it is next to impossible to keep account 
of what is going on. But it looks as if most, possibly all, cell forms, 
under favourable conditions after a period of multiplication, develop 
into swarmers. As far as it has been possible to observe this develop- 
ment, it seems to be tolerably certain that only a smaller number of 
cells abscind the end-piece before thej' change into swarmers. 

As mentioned before, it is very difficult to get a full survey of what 
is going on in a somewhat large cell group. A picture of the cells of a 
group, can however, he got in the moment the swarmers are beginning 
to move. It can then appear that in some groups practically all cells 
are more or less fully developed swarmers. In other groups there may’^ 
be only a few swarmers that are beginning to move, w’hile the rest still 
is short cell forms in intense bi-partition. But gradually fewer and 
fewer short cell forms are to he found, while the number of swarmers 
seems to increase correspondingly. 

A very interesting group that was observed, will be described in 
detail at several stages of development, and su])plemented wdth sket- 
ches. The preparation was made from a plate that had been left 
standing at room-temperature after inoculation so long, that the cells 
had divided several times and formed larger and smaller groups. At 
this moment the slide was cut out and placed on the mechanical stage 
of the microscope. A group of medium size was placed under the micro- 
scope, and bj' putting on a cover-glass, it was scattered into several 
groups. One of these consisted of 3 cells, one of which showed a more 
compact body uttermost at one end. The following development was 
observed under the microscope in the incubator at 37° C. 


At 21.00; 



Microscope with preparation placed in incubator at 37° C. 
All 3 rods are of about 3 — 4 my’s length. One rod has a 
granule in one end. 


21 . 10 : 



The microbe 
abscind it. 


with a granule in one end has begun to 


21.10: The granule mentioned is quite abscinded. It has a little 
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protoplasma around it, and is now lying beside the rest 
of the rod. One of the other rods of the group has begun 
to divide in the middle. 



The microhe that abscinded the monogranular end-piece, 
has increased greatly in length, looks quite homogenous’ 
and does not show any indication of division. The abs- 
cinded end-piece lias perhaps grown slightly. The other 
two microhes of the group now have divided into 4 short 
forms. 



Tlie group now consists of a large swarmer, which still 
has not moved. The abscinded end-piece is unchanged. 
The other two have now multi])licd to 12 short rods. 



Several of the short rods arc dividing. The abscinded end- 
piece is unchanged. At this moment 2 swarmers from 
ncighhouring fields come into view. One comes bent, 
and with the bend foremost, and places itself beside the 
swarmer in the group observed. A few moments later 
this swarmer makes some very quick strokes and jerks, 
so that it sweeps all short rods in its group, to all sides. 
Swarmers now invade the field from all directions, and 
individual microbes cannot any longer be accounted for. 


Form and size of the abscinded end-pieces. 

Form and size of these cell fragments vary somewhat. Often it 
looks as if there is a spherical body, that seems to consist of only a 
dense mass. More rarely the abscinded part is extended, and consists 
of a compact body embodied in some protoplasm. Photographical re- 
production can sometimes give a misleading picture of the end-pieces. 
An extended piece may, in the moment it is abscinded, place itself on 
edge, and will be projected on the negative as a round body. In the 
drawn series the end-piece was distinctly longer than the diameter of 
the cell, and in Photogroup 1 one spherical and one long end-piece are 
clearly visible. This difference of form has probably no significance 
for the later fate of the cell formations, as neither the spherical, nor 
the long forms develop further or change in any wa 3 % as long as thej 
can be observed. 

An important question arises in connection with the development 
of short cell forms into swarmers. What biological conditions decide 
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ihe change of phases? Many factors can, no doubt, be drawn into the 
discussion here. On the basis of the observations that are made, it is, 
however, impossible to draw definite conclusions, and therefore it 
must suffice to discuss the most likely suppositions : 

1 Docs the transition into swarmers come after a fixed number of 

divisions? 

2 Is it the stimulus of bio-chemical changes in the milieu that gives 
the impulse to the development of swarmers? 

3 Or is it, as supposed hy some, toxical substance in the milieu that 
cause the change of phases? 

It should be tbeoretically possible to test the first possibility ex- 
perimentally, if sufficient technical equipment is available and if the 
experimenter has enough time and patience. The inoculum must in 
that case consist of short cells from a hunger-milieu, which had stop- 
ped their multiplication, or of undivided swarmers. The best insight 
into the multiplying phase is to be had, when the inoculum consists 
of short forms, as it then is possible to start with one cell, and the 
group therefore will he com])aralively small and surveyable at the mo- 
ment, when differentiation into swarmers begins. The weakness of 
this method is that there will always be a certain obscurity about 
the conditions of the cell and its relation to the multiplying phase at 
the start. The hiologlcal condition of tlie organisms should be more 
constant, if the development from the primary segments of a swarmer 
is studied. The inoculum must then consist of undivided swarmers, 
and by mechanical means a segment must be isolated, as soon as it is 
abscinded. Tlie isolation of a single segment is, however, no easy mat- 
ter, and in case the experiment begins with a whole swarmer, other 
complications may arise. It may be very difficult to decide with cer- 
tainty how many primary segments a swarmer divides into, because 
single segments may begin to multiply before the primary division of 
the swarmer has finished. Even if it therefore was possible to ascertain 
the number of new swarmers tliat descended from »the individual ex- 
perimented on«, in this case a whole swarmer, it would nevertheless 
not be possible to reach any conclusive answer to the question whether 
change of phase from short cell forms to swarmers occurs after a 
fixed number of divisions. Multiplication from all the segments of a 
swarmer leads also to such large groups that they are rather unsur- 
veyable. 

The observations made in this work do not give a conclusive answer 
to the first question. They suggest though, that it is not a fixed number 
lat precedes the changes of phase. It is more probable that the cause 
sought in stimulating bio-chemical changes of milieu. A fact 
at points to such conditions as cause of change of phase, is that on 
a a\ curable moist medium, xvherc the cell-division is much slower, 
le gioups as a rule grow much larger before differentiation into 
swarmers begins. 

Acta path. Vol. XXVI. 6 
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As mentioned in Part 1 of this work, most of those who have stu- 
died Proteus before, reached the conclusion that change of phase from 
short cell forms to swarmcrs is caused by toxic changes of milieu. It 
w-as suggested that such an explanation hardly is tenable. As above 
mentioned, it appears that in a favourable milieu great masses of 
swarmers are quickly developed, and the swarmers develop in several 
relays with a multiplying phase of short cells between the relays. In 
proportion, as the conditions of life must be supposed to deteriorate, 
(among other things because of accumulation of toxic substance in 
the milieu) fewer and fewer .swarmers are developed, and most of 
them do not succeed in coming through a normal development, but 
change into morphologically very abnormal forms. 

Technical difficulties and lack of photographic equipment are the 
main reasons why it has not been possible to support this work with 
photographic reproductions to the extent that is to be desired. The 
object-matter of these studies was live organisms that changed mor- 
phologically from minute to minute. As an example may be mentioned 
that a stage which it seemed desirable to photograj)bs, as a rule w'as 
passed, in the moment everything was ready for photographing. Ideal 
conditions for work would demand that there are, at any time, suf- 
ficient films and mici'opbotograpbic equipment available, in a suitably 
healed room, so that a valuable find immediately could be recorded 
on a negative. 

With the facilities that have been at disposition an attempt has 
been made to observe the multiplying phase of the short cells with 
photographic re])roduclions. Some situations from the development of 
3 different groups will he given, and it is hoped thej’’ will support the 
written account of the cellular development. 


GROUP SERIES 1. Fig. 1—6. 

The inoculum consisted of swarmers which had quieted down and 
more or less had finished their primary division. The further develop- 
ment took place at room-temperature (ab. 20° C.). Group 1 consisted in 
the moment it w'as placed under the microscope, of 3 cells, which were 
lying in the centre of the field of vision. Two of these were relatively 
short. The third one, which w’as longer, had a nearly abscinded »end- 
piece«. To both sides of the central group lay a quite long swarmer. 
It is probable that the central group represented a divided swarmer. 

Fig. 1 show's the situation about 1 hour after the preparation had 
been made. The central group has increased to 6 cells, and a com- 
pletely abscinded round »end-piece« is laying close to the group. The 
cell to the right in the field of vision, is abscinding a more elongated 
piece of its upper end. The cell at the left is unchanged. 

Fig. 2 show's the situation 1 hour later. The central group now' con- 
sists of 8 cells, and the round »end-pice« is to be found to the right. 
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a rather long »end-piccc«. The group lo the right in the field of vision 
numbers now 4 cells, of which 2 are nearly divided. Neither has the 
»end-picce« belonging to this group changed in any way. 

Fig. 4 shows the situation 1 hour 50 min. later. The central group 
numbers ah. 25 cells, and some of these are dividing. One sees, how- 
ever, that at this moment many of the individuals have grown con- 
siderabh' longer, which means that they have stopped their multi- 
plying phase and have begun to develop into swarmers. The »end- 
pieces« are still found unchanged, the round one just inside the group, 
closed in by the long cell to the right. The grou]> to the right in the 
field of vision numbers 10 cells, of which most have begun to grow 
in length. The »end-piece« belonging to this group is also still un- 
changed. 

Fig. 5 shows the situation 1 hour 5 minutes later. The central group 
has grown considerably in extent, — mostly because most of the in- 
dividual cells have become quite long swarmers, while the number of 
individuals has increased only slightly during the last hour. The 
group to the right has developed pafallcly with the central group, — 
possibly with the difference that the swarmer development has not 
gone quite as far for the greater part of the individuals. The »end- 
pieces« arc found in both groups and arc still unchanged. The picture 
shows a swarmer development which has got so far that it is to he 
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expected at anytime, that some individuals will begin to move. About 
15 minutes later swarmers from other groups began to stream into 
the field of vision at the same time, as some individuals in the central 
group began to move. 

Fig. 6 shows the situation 20 min. later. The swarmers from the en- 
vironment have got contaet with the observed groups, while it also 
shows that some individuals of the central group have moved. Ne- 
thermost to the left, a swarmer is on its way out of the group, and by 
the upper pole two are on their way out. None of the swarmers of 
the right group have yet moved. The »end-picces« which partly have 
been followed from Fig. 1, have not given any indication of growing 
or developing in any way, or any indication of quickly decomposing 
are seen for the last time at this stage. Some minutes later, the field 
of vision is full of swarmers in one seething ma.ss, and there is no pos- 
sibility of observing any definite object. 

The com])aratively long swarmer to the left in the field of vision 
is found again in unchanged state in all figures. Similar cells, which 
do not show any indication of development, nor anj' visible signs of 
degeneration in the course of the observation period, have been observ- 
ed several times. 


GROUP SERIES 2. FIG. 1—3. 

This series in from the same preparation as Group 1. Fig. 1 shows 
the group situation at a moment ah. 15 min before Fig. 1, group 1. 
The group numbers 4 cells of different length, and 2 of them are 
abscinding »end-pieccs«, the lower one round of form, the upper one 
extended and fusiform. It is possible that here is a swarmer in its 
primary division, and that the 2 »end-pieces« are the formerl 3 ' describ- 
ed monogranular segments from the swarmer’s both ends. 

Fig. 2 shows the the situation 1 hour 30min. later. The number 
of cells has increased to 15, and several of them are dividing. The »end- 
pieces« are found at the upper and nether poles, unchanged. 

Fig. 3 shows the situation 3 hours 20 min. later. The group has 
reached a considerable size, and Iw the magnification that was used, 
it filled the greater part of the field of vision. To count the individuals 
in such a large group is verj' difficult, not to say impossible, and what 
happens to the individual cells in this societv’, is still further away from 
what can he observed bj" ej'e. Even a far from first class film reproduc- 
tion, gives a better survej" than direct observation. From this figure it 
is possible to establish that the number of cells has increased to about 
60, and manj' — perhaps the greater part — of these are still in their 
multiplying phase. Especially along the left flank of the group, al- 
though also in other places, are found some cells which have a more 
homogeneous appearance and have begun to stretch lengthwise, so 
that some individuals have alreadj'^ begun their development into 
swarmers. The »end-pieces« which were abscinding in Fig. 1. are 
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GROUP SERIES 3. 1—3. 

The inoculum is taken from a plate culture, from a field where 
the swarmers had finished their primary division, and the individual 
segments had started their multiplying phase. Fig. 1 shows the situa- 
tion after the preparation had lain some hours at ah. 18° C. For 
the most part there still are short cells that are in their multiplying 
phase, hut also some young swarmers are to he seen. Betw-een the 
groups there is a long and very thick, nearly fusiform cell, which 
looks quite homogeneous in its structure. At the upper end is a just 
abscinded round »end-piece«. 

Fig. 2 shows the situation 2 hours 35 min. later. What is first 
noticed, is that the large, fusiform cell which w'as lying between the 
groups, is gone. It suddenly began to move and swam quietlj' out of 
the field of vision. But the »end-piece«, which it had abscinded, re- 
mains at about the same place it had in fig. 1. Further is noticed that 
a larger number of cells have begun their differentiation into swarm- 
ers, and about 2 hours later the field of vision Avas overflowed by 
swarmers in lively movement. The preparation remained under the 
microscope, and Fig. 3 shows the same field of vision some 17 hours 
later. The picture is as commonly seen Avhen conditions of life are 
not optimal. Drying and accumulation of toxic stuff have so greatly 
influenced the development, that only a small number of swarmers 
have succeeded in making a normal division. One part of the swarmers 
is Ij'ing, morphologically unchanged, without any sign of division, and 
an even larger number is changed into clubs, balls and other abnormal 
forms. 


THE DEVELOPMENT OF THE SWARMERS FROM DIFFERENT 
»STAGES OF RIPENING« TO NEW SWARMERS 

The cycle from divisionahle sAvarmers Aua short multipl5'ing forms, 
has already in the main been described. But during the Avork Avith 
SAvarmers as inoculum, other things turned up, AA'hich deserA’e to be s 
mentioned especiallj' and more elaborately. 

With the technique described aboA'e, a suspension of SAvarmers aa^s 
laid out on agar plates AA'ith cast-in slides. The plates Avere inspected 
as soon as the inoculum Avas laid out. It then appeared that in some 
experiments, the SAvarmers at once quietened doAvn, or soon after 
having come into their new milieu, Avhercas they, in other experi- 
ments continued to SAvarm about. Further, it Avas striking that in the 
cases, Avhen the cells quietened doAvn at once, it seemed as if most 
individuals had he ability to dhide and multiply as usual, in the Avay 
described. It Avas someAAdiat different in the cases AA'hen the cells of 
the inoculum continued to moAm after they had been spread on a 
neAA' agar plate. Then the rather astonishing fact appeared, that only 
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part of the transplanted individuals — when they finally had quietened 
down — divided and eontinued to live on, whereas the rest com- 
paratively quickly decajmd. 

This phenomena was at first quite confusing. Firstly, it was strange 
that it had not been noted before, and secondly, it put a questionmark 
to the explanation of some of the previous observations. 

The first conceivable explanation of this problem was, that the 
swarmers come into being, develop and thrive in a biochemical milieu 
prepared by their own colony, and that only a minority survives the 
stress, which the transplanting into a strange, not thus prepared 
milieu represents. But not quite everything fits this explanation, for 
as already mentioned, in some experiments the majority of the trans- 
planted swarmers decayed, whereas in others the majority was able 
to divide and live on. Partly the cause of the different fate of the 
cells therefore must he due to biological conditions in the individual 
itself. With these new finds in view, it fell natural to take a retro- 
spective look at some of the finds that were made formerly, but which 
had been deemed of no account. 

During the first work with the life-c3'cle of the microbe, impres- 
sion preparations were used to a large extent. In these were often 
found, badlj' stained, thin and shabbj' swarmers among the strongly 
stained and granulated ones. Such finds did not then cause any suspic- 
ion that there was anything special to be taken into consideration, 
and it w’as without questioning accepted as reasonable, that some of 
the sw'armers disintegrated. On basis of the new finds, the question 
was raised ■whether it possibly might be a normal phenomena, that a 
larger or smaller part of the swmrmers disintegrated, even if they lived 
in their natural milieu. These questions necessitated a renewed and 
closer study' of the swarmers. 

As already' mentioned, it was natural to point to milieu conditions 
and some experiments. Because, as shown before, e. g. the degree of 
humidity' is of the greatest importance for the development of the 
swarmers. Some parallel experiments w'ith media of varying degree of 
humidity' w’ere carried out. The results indicated that changes of 
milieu hardly could be the primary cause of the different fate of the 
individual swarmers. Admittedly', it was a fact, that in case the 
inoculum contained swarmers which continued to swarm in the new 
milieu, then the movements w'ere freer and livelier on the moistest 
media. But in some cases the swarmers, after the transplantation, quite 
soon, or at once, quietened down on all media, and in the cases, when 
this happened, most of the cells on all media, seemed to have the 
ability to live on. 

The inoculum w’as taken from swarming plate-cultures. A drop 
of broth w'as put in the place from where the swarmers should he 
taken. After very careful stirring, a small mass was transferred to 
the new medium — there mixed w'ith a larger drop of broth and then 



869 


cl with a bent glass-rod. At first the inoculum was taken from 
chance* place in the swarming one. An inoculum taken from 
the edge'of a swarming colony contains some cells which in any case, 

in movement at the moment it is taken. But as a rule these cells 
mdelcncd down as soon as they had come onto the new medium. In 
inoculum taken from a more central part of the swarming one, most 
often some of the swarmcrs continued romping about in the new 
milieu. This indicates, that perhaps it is the stage of development 
of the swarmcrs, that is decisive for whether tliey should live on or 
decay after the transplantation. To test tliis supposition, it was ex- 
perimented with swarniers at different stages of development. 

By help of a microscopic inspection of the uttermost zone in the 
rest-phase of a plate-culture, it is easy to ascertain when a new ge- 
neration of swarmcrs begins to move. First they begin quite centrally 
in a zone, and like a wave, the teeming life is s])rcading. and at last 
passes .across the border of the colony, thereby starting the beginning 
of a new zone. 

If the inoculum is taken from the central zone, at a i)oint of time 
just after the swarmcrs have begun to move, then it appears that all 
the cells continue to swim around in the new milieu and then pass 
to quieten down in body or singly, and further it a])pcars that it is 
only a minority of the individuals under observation in the field of 
vision, that divides and miillij)lics. The majority withers and de- 
composes. 

The decoiniiosition haj)j)ens comparatively very quickly, hut like 
other biological phenomena, in this cycle depends on temperature 
and medium. At 87° C. and in a milieu where the development is 
quick, it seems to take only a few minutes, from the moment a 
swarmer quietens down, till it is dead and more or less decoTuposed. 
If this process is jilaccd in relation to the devclo])mcnt of individuals 
capable of living, it ]n'actically covers the situation to say, that when 
the latter swarmcrs have finished their i)rimary division, then, as a 
rule, the other category may a]>pear as shadows or they have com- 
pletely disappeared. The astonishing quickness of the disintegration 
explains the fact, that the phenomenon has been overlooked. 

It is difficult to have any definite opinion of how large a part of 
the swarmcrs disintegrates. The finds vary seemingly in close rela- 
tion to the stage of development of the swarmcrs in the observation 
material. If the material is taken at a very early stage, so that it can 
)o ascertained that a new generation of swarmcrs just then begins 
0 move, then it looks as if the majority of cells only has a short life- 
line or perhaps more correctly, swarming-time, and then disintegrates, 
s the inoculum, however, taken at a later stage of development of the 
sa.anncrs, then the ratio between those capable of living and those 
m decay, has changed in favour of the first category. As will he 
•‘mown later, it must he siqiposcd that the cause of this change simply 
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lies in the fact, that some of the cells not capable of living, already 
have disintegrated. 

In support of the exposition, two actual observations shall be 
referred : 

1. Inoculum with young swarmers. When these had quietened 
down, a field of vision of 19 cells was fixed and their observation con- 
tinued. 17 individuals decayed — and only 2 divided into short seg- 
ments, which continued the usual multiplying phase. 

2. In this experiment swarmers in a later stage of development 
were plated. 

The preparation was inoculated at hrs. 13.45 and all the swarmers 
soon quietened down. The preparation was held at room-temperature 
till hrs. 15.00, when a field of vision of 39 cells was chosen for 
further observation. After one hour’s incubation at 37° C. there were 
within vision, 23 cells showing a comparatively normal appearance, 
and also there were 9 barely visible ghost cells. The other 7 were 
completely decomposed. After still an hours continued incubation at 
37° C. there still were 23 cells in vision. 14 of these looked normal and 
most of them were dividing. 9 cells had changed into head forms. 

The two experiments should show, what difference there is be- 
tween cells capable of living and cells not capable of living in inocula 
which represent a verj' early stage in the swarmer phase, respectively. 

Some photos have also been taken, and it is to be hoped that the 
reproduction is so clear, that they show part of what has been de- 
scribed. 


GROUP SERIES 4. FIG. 1—3. 

Fig. 1 shows the situation shortly after the young swarmers have 
quietened down. The cells capable of living are compact and give a 
far better contrast to the medium, than the ghost cells, which are in 
majority. 

Fig. 2 shows the situation 6 hours later. The development has taken 
place at room-temperature. (17° C.) Among the ghost cells are seen 
the cells capable of living. Some have not quite finished their primary 
division, whereas others have begun multiplj'ing. 

Fig. 3 shows a phenol-fuchsin stained impression preparation which 
corresponds to fig. 1. The diffei'ence between cells capable of living 
and ghost-cells, is marked. 

Morphologicall 3 ^ there is little difference between the quite j'oung 
swarmers. Sometimes individual cells can he seen, which are con- 
siderably larger than the average, others appear more compact, and in 
some can be seen intracellular, more compact bodies, which often are 
arranged like pearls, along the microbe. These finds are, however, not 
so constant and characteristic that it is possible, on that basis, e. g. 
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to classify the swarmers in hvo types, namely those that -will live on 
and those that disintegrate. But shortly after the swarmers have 
quietened down, it appears that the individuals are different in their 
structure. Some are compact and give good contrast to their sur- 
roundings and look like wcllfilled sausages, whereas others arc pallid 
and give a poor contrast to the surroundings, often Ijing poorlooking 
and reminding more or less of empty sausage-skins. At this stage there 
is no difficulty to see which cells are capable of living. 

It maj' he objected against the investigations so far referred to, 
that in spite of all, there is a possibility of bio-chemical conditions 
being the cause, that so many swarmers disintegrate when they, as 
young individuals, are transplanted to a new milieu. It might be sup- 
posed that in the milieu, where the swarmers were hatched, there were 
stimulating factors necessary for the ripening of the cells into a 
divisionablc condition. Or plainly, the decisive question would be, 
whether it eould be shown that a greater or smaller number of cells 
decaj*^ even in the milieu where they were hatched. This question has 
already been hinted at several times, the fact having been pointed to, 
that in impression preparations swarmers were often found, that had 
all the characteristics of ghost cells. 

To claritj' this problem, impression preparations were taken with 
short intervals from a definite part of a swarming zone. It then ap- 
peared that in preparations taken at a definite point of time, there 
were lots of swarmers with indications of degeneration, and in the 
next preparations the number of ghost cells had decreased, the ex- 
planation of which must be. that they had decomposed. 

The phenomenon that some of the swarmers. after finished swarm- 
ing period, do not divide, nor survive, therefore seems to be a phy- 
siological phase of the microbes development eycle. 


Summary of the finds that have been made. 

In part 1 of this study, it has broadly been accounted for the life- 
cycle which Proteus Hauser goes through. On basis of the observations 
made in this work, it is possible to add some details to the above 
description of the cycle. 

Hauser himself, and most of those who later studied Proteus more 
in detail, have kept their attention on, and emphasized as characteristic 
for this microbe, that it alternately appears as long and short cell- 
forms. As far as possible a summary survey of this alternation will 
ho given: 

The changing phases with a])])earance of short and long cell forms 
go on, as long as the microbe lives in a reasonably favourable milieu. 
If the conditions of life deteriorate, e. g. bj' accumulation of toxic 
metabolites and because of reduced nutritial conditions, this phase- 
changing will stop. The microbes are then found as short, more or less 
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iforin bodies. Division does not take place, and it might perhaps 
iriiPPropriate to assume that the cells in this morphological form 
in a sort of torpor. When the cells are transferred from such a 
hunger milieu to a favourable one, they at first seemingly improve their 
General condition, and then pass to a multiplying phase. After a greater 
or smaller number of divisions, the multiplying phase ends, and if 
the conditions of life are optimal, all cells greatly increase their length 
and develop into swarmers, which in the swarming phase are very 
mobile and active. After the swarming period it appears that only 
a smaller number of swarmers are able to divide and thus fit to 
survive. The majority of the developed swarmers dies and disinte- 
grates. The swarmers capable of living, first pass through a primary 
division into segments, which in their turn pass into a multiplying 
phase. In this phase some cells abscind a short piece of one end. As 
far as it has been possible to observe, these »end-pieces«, have shown 
no indication of moving, multiplying or developing in any way. It has 
been observed that a short cell, after it had delivered an »end-piece«, 
in a short while grew into a swarmer. 


Discussion: 

In the course of the time this work on the life-cycle of Proteus 
has been going on, and as new details have been clarified, the feeling 
has increased that the full understanding of the biology and sociology 
of the microbe becomes increasingly evasive. 

One has, however, become more and more convinced that the ar- 
thodox view of the bacteria, as very simple beings, which live and 
multiply bj' simple bi-partition, is far from tbc truth. In Part 1 of this 
work the results agreed with those of many other students, viz. that 
Proteus contains desoxyribonucleine acid, a material which to-day is 
regarded as a sure indication of a genetic apparatus. The possibility 
was also mentioned, that the swarmers might derive from »mono- 
granular« »end-pieces«, and that thej'^ therefore might be conceived 
as haploid cells, w'hich became divisionable after having interchanged 
certain nucleal matter. This conception of the origin of the swarmers 
appeared not to be correct. But the more detailed studies, of w^hich 
an account is given in this part of the work, reveal other things which 
strongl}' indicate that the swarmers consist of two different types, 
and also the fact, that some cells deliver a granule before they grow 
into sw’armers, support the same idea. 

These facts must inescapably lead to the question whether the 
swarmers might be regarded as gametes and the whole swarming 
P ase as a sexual phase of the development of the microbes. 

Before the discussion of this question, it is necessarv to illustrate 
ny some historical data: 

From the first period of the bacteriology up to the latter j^ears. 
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the majority of students has supported the supposition that bacteria 
represent the lowest step in the phylogenetic development of the 
animal/vegeable kingdom. 

The bacterial cell has in accordance with this view been regarded 
as an undifferentiated protoplasm-form, without nucleus, which mul- 
tiplied only by simple bi-partition. A thorough discussion of the posi- 
tion of older bacteriologists to this problem is found in »Handbuch 
der pathogenen Mikroorganismen by Kolle, Krauss und Uhlenimt, to 
which it is referred for full details. Here only authorities as Fisher 
and Migula shall be mentioned among those who advocate this view. 

There were, however, among the older bacteriologists a minority, 
which represented other interpretations. The controversy about the 
structure of the bacterium may be brought to mind. Some maintained 
that the bacterium had a nucleus, and other regarded the microbe as 
a bare nucleus. Others again, went a step further, and not only main- 
tained that the microbes had nuclei like other cells, but suggested also 
that the multiplication of the bacterium was far more complex than 
commonly supposed. 

Among those of the last-named group, who go furthest, Almquisi 
deserves special attention: 

In carefully planned and performed experiments he has shown 
that several species of bacteria under varying conditions of growth, 
show certain morphological changes, and that the same bacteria, in 
a milieu which must be considered favourable, show morphological 
variations which indicate a far more complex modus of multiplying, 
than what conforms with the teaching of Fischer and Migula. 

Almquist claims to have shown that the bacterium in a phase of 
development, which he calls the plasmodial stage, has a diploid nucleus. 
The plasmodial stage must be supposed to be a rest stage. 

Transplanted to favourable conditions of life, there very soon 
comes a reduction — and the cells multiply further as haploids. This 
author also maintains that he often has seen cospores, and that he 
also has observed male cells, (Antheridia) . 

On this observation, he bases his contention of the sexual reproduc- 
tion of bacteria — although he admits that he has not observed the 
copulation itself. 

Almquist’s terminology — and his analogies with protozoons and 
fungi — has no doubt partly caused that his works and results have 
been misunderstood by many. The different morphological forms which 
this author has placed as natural links in a more complicated life 
cycle, are by others called involution forms — a conception which 
certainly often may have been an empty phrase used without ex- 
planation or motivation. 

It is possible that Almquist partly draws too extreme and definite 
conclusions from his finds, but that he has shown that several bacterial 
species have a complicated life cycle, can hardly be doubted. 
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From ncNver observations in the same field, references arc given 
to the works of the following authors; 


Alien, L. A., Appleby, I. C., nnd Wolf, I. 

These authors have experimented on various species of sporates 
through their life-cycle, »From extreme youth to old age«, and showm 
the cytological development step by step. They have showed that during 
the multiplying stage there appear granulae in the cells, and that 
these cells liberate these granulae, and that it may be possible that 
they are of vital importance. »Thcy were seen outside the cells, giving 
the impression that they are liberated and may have some vital func- 
tion*. The authors claim that in their life-cycle, cells of both haploid 
and diploid nature occur, the haploids during the multiplying phase. 

Abnormal cells, clubs, halls or cells with buds etc.) they claim to 
have seen often. »Their origin is uncertain, but probably they arise in 
cells which have failed to sporulatc, from the effort to adapt them- 
selves to the unfavourable environment of the ageing culture*. 

In later years the morphology and genetics have been the object 
of intense studies, and so many data arc so w’cll clarified, that many 
of the problems formerly under discussion, can be explained out from 
general biological considerations. 

Modern methods of examination have shown that the bacteria 
contain the same material, that in other cells is regarded as a specific 
part of the genetic apparatus, or in other words it must be supposed 
that the bacteria like other cells have nuclei. 

On the basis of such a revision of the cytology — or more care- 
fully put, the composition, of the bacterial cells, it is possible to ex- 
plain that definite characteristics of bacterial species rc-appear from 
generation to generation — a problem that before was rather in- 
comprehensible. 

Parallel with the exploration of the structure of the bacterial cell, 
experimental results have been obtained in later years, which may 
indicate that several bacteria have sexual reproduction, and that this 


process not necessarily must take place by copulation of cells — but 
aiay happen by indirect transfer of specific nucleus substance. 

Griffith is no doubt the first who by general acknowledgement has 
shown that the characteristics of one bacterial cell can be transferred 
to another. His transformations of capsule-free, non-pathogenic 
pneumococci to capsulated pathogenic ones, may seem to involve the 
same principle as cross-fertilization, even if one party to the act, 
capsule-free cell, was killed by heat. The detailed mechanism of Grif- 
1 IS transformation, is explained by Avery and his collaborators, 
" were able to show that the active substance was desoxyribo- 
nuc eic acid, which also was effective in a chemically purified form, 
urther proof of sexual propagation among bacteria was given by 
um and Lcderbcrg. These workers mixed two bacterial strains of 
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different bio-cliemieal characteristics, and isolated types which might 
he explained as hastards. 

The conclusions of these new discoveries within the cytologi of 
the hacterium, must he, that it is difficult to deny that hereditary 
characteristics can be transferred from one bacterial cell to another, 
and that this process does not imply copulation of cells, hut that an 
interchange of filterable nucleal substance is sufficient. 

With these facts as a support, the discussion of the question 
whether the Proteus swarmers can be taken as gametes, will be con- 
tinued. 

The most common interpretation of the swarmers has been that 
they are morphologic degeneration forms which develop in an inferior 
milieu, and that they have no specific biologic function. This inter- 
pretation has been refuted in a previous paper, and it has been shown 
that the swarmers are dependent on optimal conditions of life. Russ- 
Miinzer’^ claim, that swarmers develop only on solid media and that 
their »purpose<!: is to bring the culture to new »pastures«, cannot be 
upheld against critic. It is certainly unquestionable that the swarmers 
also develop in fluid media. None of the explanations of tlie develop- 
ment and biological role of the swmrmers which has been possible to 
trace, is satisfying. 

As the later studies of the development of the swarmers show, 
their role cannot be that of aiding the multiplication of the species — 
on the contrary, the fact that the greater part of the swarmers dies, 
shows that the swarmer phase actually involves a strong reduction 
of the bacterial population. In this connection it should be borne in 
mind, the fact well known from the protozoology, that a sexual phase 
in a cycle of development, often means a reduction of a population, 
e. g. hologamy, wdiich reduces the number of individuals by a half. 

Hologamy is a copulation, and it has been objected against those 
w'ho have assumed sexual reproduction in bacteria that copulation has 
never been observed with certainty. 

But against this objection it can be pointed to the many and com- 
plicated modi in which fertilization takes place by conjugation among 
protozoa. That conjugation can lake place, is hardty possible to deny, 
and that this fertilization modus in principle can he supposed to take 
place, is evident from Griffith’s and Avery’s results. 

The pattern of division has been accounted for before. The mitotic 
division of the intra-cellular, regularly arranged granules must lead 
to the thought of a reduction and create a suspicion that in the cycle 
there are both diploid and haploid cell forms, which again must mean 
that somew'here in the cycle there is a sexual phase. 

In the same direction it is possible to explain the phenomena that 
has been observed, that some cells in their multiplying phase abscind 
an » end-piece « while developing into swarmers. Up to now, to be 
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neutral, these abscinded pieces have been called only »cnd-picccs«. 
But it is possible that here is the development of a macro-gamclc and 
that the »cnd-picccs« arc polar bodies. 

So many details point to the possibility that the swarmcr phase 
is a gamete phase, that it must be permitted to give some suggestions 
as to bow the cycle, based on tliis sujrposition, may be perceived. 

As is ^Ycll known from tbc protozoa, both the conjugants may be 
quite identical in form and biology. They are fertilized bilaterally, and 
both parties arc divisionablc and live on. 

This explanation of the swarming phase raises tbc question of 
how the great mortality among the .swarmers can be fitted in. 

It might be suposed that a greater number of individuals for some 
reason become incapable of fertilization and therefore dies. 

Another explanation, which seems to fit the observations better, 
is that the conjugants arc differentiated macro- and micro-gametes. 

By such hypothesis it is possible to give a natural explanation of 
the fcnd-picccs* as polar bodies. The great mortality among the 
swarmers will then get a plausible explanation — as it is well known 
that micro-gametes often arc for more numerous than macro-gametes. 

The swarmers capable of living must then be supposed to be zy- 
gotes, and the nuclear relations of zygotes presumably must be such 
that several diploid nuclei arc formed in tbc same individual, dis- 
cernible as the regularly arranged granules — and that a reduction 
takes place, which explains the bi-partilion of the granula. 

The partitioned segments then get each two haploid nuclei and 
the »end-pieccs« each one haploid nucleus. 
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Snmnmry. 

The development of the swarmers in Proteus was studied, 
hvidence is presented that the short actively multiplying cell from 
in favourable conditions differentiates into swarmers after a num- 
ber of mitoses. 

It is suggested that the change from the multiplying cell phase to 
the swarming ])hasc is induced by some biochemical process in 
the growing colony. 

Only a small fraction of the multiplying cells >'>dcliver« a granulum 
rom the one end before they grow into a swarmer. 

Studies of swarmers which were transferred to a new medium at 
different stages of development have shown that only a small frac- 
lon of the individuals develop into cells, capable of division and 
continual life, whereas the swarming period seems to be the 
erminal stage of the majority of the individuals, 
onsidcrahlc evidence indicates that the swarmers may be sexual 
cell forms and represent a definite stage in the life cycle of the 
organisms. 
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It is conceivable that swarmers capable of division may be 
zygotes, containing diploid nuclei at the initial stage. The division 
of the swarmers through the middle of the regulary arranged 
granules may then represent a reduction, and the short cell forms 
accordingly might he regarded as haploid in constitution, with one 
haploid nucleus at each end. 


In addition to references given in part 1, further references as 
follow : 
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from rim state serum institute, Copenhagen. 

(CHIEF: OnSKOV, M. D.) 


ON THE CLASSIFICATION 
OF THE ENTEROBACTERIACEAE-) 

By /•’. Kaiiffntniin. 

(Ueccivcd f<»r publication on .lunc lUli. Btii).) 

By the term linlcroBaclcriaceac we mean a large family of Gram- 
negative, non-sporing rods, cither motile with peritriehous flagella or 
non-inotilc. They grow on ordinary media and ferment glueosc ra- 
pidly with or without gas production. They reduce nitrates to nitriles. 
This family can he divided into hioehemically defined groups in the 
following way: 


Entcrobactcriaccae 

'Frihes 


Groui)s 


1 Salmonella 

2 Arizona 

3 Belhesda 
■i Ballcrup 


Salmonelleae 


Kscherichcac 


5 Escherichia 

6 Alkalescens-Dispar 

7 Klchsiclla 

8 Serralia 


1) Shigella Shigcllcae 

10 Proteus 


Proteae 


Pm lecture given in the Communicable Disease Center, U. S. 

uuiic Health Service, Atlanta, Georgia, U. S. A. on May IGtb, 1949. 
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The principle of our classification is to establish biochemical groups 
which are divided into serotypes. There is no single character which is 
exclusively characteristic of a certain biochemical group, but as a 
rule a combination of some characters wdll give a diagnosis. 

There are no sharply defined groups in nature, their delimitation 
is more or less arbitrary. In contrast hereto, we. are able clearly to 
define the individual serotypes which are the fundamental units. The 
one imiiortant point is therefore the serological analysis of the in- 
dividual types. 

I should like to omit the terms »tribes«, »genera« and »species«, 
but if it is wanted to combine several genera (= groups) into tribes, 
I suggest that the groups Salmonella, Arizona, Bethesda, and Ballerup 
be entered together in the tribe »Salmonelleae« as these groups are 
closely related biochemically as well as serologically. In that -way we 
avoid a special tribe »paracolobactrum« (1) or »paracolon«. In con- 
trast to Bergey’s Manual (2) I would not refer the Shigella group to 
the tribe Salmonellcae, but rather suggest a special tribe Shigelleae. 
I presume that genetically the Shigella group stands on the opposite 
side of the Escherichia group and that the development has gone in 
Uvo opposite directions: one towards the Salmonella group, the other 
towards the Shigella group. But this is only a hypothesis, as the ge- 
netic relationships of Enterobacteriaceae are quite unknown. 

With regard to the tribe »Eschericheae« (according to Bergey’s 
Manual) I propose that the Escherichia, Klebsiella, and Serratia 
groups be entered together into one tribe. The »Aerobacter« group is 
combined with the Klebsiella group (3). Related to this group is the 
Serratia group which is characterized by its pigment formation (Pro* 
digiosus group). Orienting serological studies carried out wdth a few 
strains shoAved that two strains contained the O antigen 19 a found 
in the Escherichia group. 

The Alkalescens-Dispar strains, w’hich previously have been rec- 
koned to the Shigella group, belong biochemically and serologically to 
the Escherichia group : they are non-motile, often anaerogenic and 
lactose-negative Escherichia strains. Serologically they belong to the 
same frequent O groups (1, 2, 4, 9, and 25) as typical Escherichia 
strains. They contain such K antigens as also often occur in Esche- 
richia strains, e. g. the L 1 antigen. Further details wdll be reported 
on later by my co-AVorker Frantzen. 

Alkalescens strains are 2 of H. Braun’s »Flexner« strains, desig- 
nated as »Clark« and »t)stun« (4). They belong to Escherichia 0 gioup 
25 and contain the L antigen 1 of the Escherichia group. Biochemicallj 
they behaA'e like Alkalescens strains, i. e. they differ from true Flexner 
strains. 

Recently a Shigella Commission Avithin the International Asso- 
ciation of Microbiologists — consisting of Boyd (as chairman), Bri 
ges, Carlquist, EAving, Ferguson, and myself — has been Avorking on 
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ihc classification and nomenclature of the Sliigella grouj) and a 
report on this subject will he given during the next International 
Congress. 

Turning more to the Proteus group, I can refer to a paper of iny 
co-worker Bcate Perch (5) who lately has jnihlishcd a diagnostic anti- 
genic schema for the Proteus group (Proteus vulgaris and mirahilis). 
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The complement fixation test has rarely been used in serological 
examinations of the diphtheria bacillus. Kolmer (1912) and Przeivoski 
(1912) could not distinguish behveen different strains of C. diph- 
theriae by means of complement fixation, and Mansheim (1930) did 
not even get fixation with the homologous strain. In 1933 Menton, 
Cooper and Fussell published the results of complement fixation ex- 
aminations on 200 diphtheriae strains. The types gravis, mitis and 
intermedius %vere found to be serologically closely related, particularly 
gravis and intermedius. In many instances, however, there was no 
correlation between the cultural type and the complement fixation 
test, which also diverged considerably from the later classification of 
the diphtheria bacillus by means of agglutination, initiated by Orr 
Ewing (1933). 

As antigen in their complement fixation tests Menton, Cooper and 
Fussell used formalin-killed suspensions in saline of 24 hours’ old 
agar cultures. No fixation Avas observed when dilutions of serum were 
made, and they therefore used a constant serum dose and a dilution 
of the antigen, starting with as concentrated antigens as 10 times the 
concentration used in complement fixation with Salmonella. 

Experimental. 

It might in our opinion be of interest to see if it should be possible 
to find a more convenient method for the demonstration of comple- 
ment fixing antibodies. The results of Menton, Cooper and Fussell 
were in bad accordance with the cultural and agglutinative classifica- 
tion of the diphtheria types, and it seemed probable that the divergence 
was caused by the technique w'hich they used in their complement fix- 
ation tests. 



Mt'ilintls. 


Diffnronl incilin and nn'llinds wciv (>xniniin’il willi the iiiK'iitiitii of pi-o- 
(lucinir a pood aiitipon for llio coinidt'iut'nl fixiilion (t'st. Aiilipc'ns niado from 
I.ni'fflor oulturop provrd to lio stronply uidi-romplcmi'iitary. liotli wlicn Ilioy 
wore suspondrd in salino and after freeziiip and tliawini: 10 times. .\s a result 
of tlio anti-complementary activity the aiitinens were very dilute and pave 
an definite complement fixation with honiolotrons sernm. The host antipon 
was olitained when the prowth on 7 htiman hlood apar i)lati's was sns- 
pendod in .saline and healed in water li.ath at Titr for 1 hour. 'I'his antipen 
.showed no anti-eomplemeiilary activity even in hiph conceniralion.s. 

The .sironpest compleimml fixation was seem in aniipens conlaininp ahoni 
2000 millions hacleriu tier ml. Mon' concentrated aniipens could not he nsed, 
owinp to tlie Inrhidiiy at hipher concentrations. With less concentrated an- 
iipens than 2000 millions per ml the speeific fixation tpiickly dee.reased 
(tahle 1). 


Tnhh- I. 


The sipnifieaneo of Itie concentration of the aniipeii in complement 

fixation tests. 
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Antisera were iirodnced liy injeetions on rahliiis of formalin-killed Loofflor 
cu ures, after the method vised hy TannnrsUi (1012). AppUitinatinp titre.s 
'’'o.niip from 10210 to ,'120 wore olitained. Gravis strains ordinarily pave more 
po ent sera than mifis and intermedins strains. .As some of the antisera mipht 
T? “’di-cornplemenlary, dilutions of the sera in saline l/.i were nsc;.'. 

‘liltdion in the com]ilement fixation test tlins was 1/iS. IJach tube 
wnVoi*'''' renpeni, altopether 1.0 ml. The eomiiloment dose 

shen~ ti'ids, ond tlie amhoeeptor dose 1 hemolytic units. 3 % washed 

fori 1 corpuscles were u.sod. Fixation took idiiee in a water hath at 37° 
IQ and amhoeeptor were added, and llie results read after 

friepi”i complement fixation was performed in the vc- 

Sei'iim **"' '’csnlls were not as pood as after 1 hour at 37°. 

01 and niilipoii controls were set up in each test. 
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Results. 

Complement fixation tests were performed with a series of freshly 
isolated gravis, mitis and intermedins strains, which had been thor- 
oughly examined and typed culturally, and serologically by means of 
agglutination. Table 2 demonstrates cross complement fixation tests 
between 12 strains, and the titres may be regarded as representative. 

The results of the complement fixation tests in many respects dif- 
fer from those obtained by agglutination. Firstly it is striking that 
the titres are considerably lower, only 384 in the gravis strains, which 
agglutinated to a titer of 10240 in the homologous serum, and even 
lower in mitis and intermedius. In addition considerably stronger cross 
reactions were seen between the types gravis, mitis and intermedius 
than in the agglutination tests, where only quite insignificant cross 
reactions were observed. As we have used highly potent antisera and 
good antigens, the low homologous titres and the strong cross reac- 
tions in complement fixation tests as compared with agglutination 
tests arc difficult to explain. It is possible that the fixation of the com- 
plement to the antigen-antibody complex somehow is incomplete, or 
that other antigens, chiefly group-antigens, take part in the reaction 
in the complement fixation test. The complement fixation experiments 
indicate a nearer antigenic relationship between gravis and intermedius 
than between gravis and mitis and mitis and intermedius. 


Table 2 

Cross complement fixation tests between 12 diphtheria strains 









Antisera 






Antigen 




Gravis 

1 



Mitis 



1 

Intermetl. 



1 

8 

357 

364 

369 1 

24 

76 

122 

397 

4037 

1 3764 

499 

Gravis str. 

1 

SS/i 

384 

384 

384 

192 

48 

0 

0 

0 

0 

96 

96 


8 

384 

.384 

384 

192 

192 

48 

0 

0 

0 

0 

96 

96 

_ 

357 

384 

384 

.384 

384 

192 

48 

0 

0 

0 

0 

96 

96 


364 

384 

384 

384 

192 

192' 

48 

48 

0 

0 

48 

96 

96 

- 

369 

384 

384 

384 

384 

384' 

96 

96 

0 

0 

0 

1 

96 

96 

Mitis str. 

24 1 

0 

48 

48 

48 

48 

96 

96 

48 

0 

48 

0 

0 


76 

0 

48 

48 

0 

96 

96 

96 

0 

0 

O' 

0 

0 


122 

48 

96 

96 

48 

48 

96 

48 

96 

48 

96 

48 

48 


397 

0 

48 

48 

48 

48 

48 

0 

48 

192 

48 

48 

48 

- 

4037 

48 

48 

48 

48 

48, 

1 

0 

96 

48 

■96^ 

0 

0 

Intorm. str. 

3764 

96 

96 

96 

96 

9Gi 

0 

0 

0 

0 

O' 

96 

192 

- 

499 

96 

96 

96 

96 

96: 

1 0 

0 

0 

0 

o! 

96 

192 


Controls; 0. . 

Tlic 5 gravis strains all belonged to Robinson and Feeney’s type II- Mi is 
strains 24 and 76 belonged to the same agglutinative type, whereas the otiei 
mitis and tlie 2 intermedins strains represented different agglutinative types. 
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Discussion. 

In spile of using highly potent agglutinative antisera and good 
antigens only small amounts of complement fixing antibodies could 
be demonstrated. As also considerable cross reactions were seen in 
complement fixation tests, it was evident that other antigen-antibody 
reactions, probably mainly group reactions, take place in complement 
fixation tests than in agglutination tests. So far our findings are in 
accordance with the results of Menton, Cooper and Fussell. These 
authors, however, had to make dilutions of the antigen, as no fixation 
was observed with the usual technique with serum-dilutions, and by 
this method got a number of discrepancies between cultural and sero- 
logical classification. 

Although the litres in our experiments are low, a specific fixation 
was demonstrated which was in fairly good accordance with the re- 
sults obtained in the agglutination tests. The complement fixation test 
is, how’ever, not suited for the serological classification of the diph- 
theria bacillus in types. 


Conclusions. 

1. Good antigen of the diphtheria bacillus for complement fixation 
tests was obtained on blood agar plates. 

2. The titres were considerably lower and cross reactions stronger 
between gravis, mitis and intermedius than in agglutination tests. 

3. The complement fixation test is not suited for the serological 
classification of the diphtheria bacillus. 


REFERENCES 

Ewing, Jean Orr: J. Path. & Bact., 1933. 37, 345. 

Kolnier, John A.: J. Infect. Dis., 1912, 11, 44. 

Mansheim, Elisabeth: Zentralbl. f. Bakt. I Orig., 1930, 113, 113. 

Menton, J., Cooper, T. V. <b Fussell, IF. H.: Lancet, 1933, (11), 180. 

Frzewoski, Witold v.: Zentralbl. f. Bakt. I Orig., 1912, 65, 5. 

(uno^vski, C. E.: Difteribacillens gruppo- og typeinclcleling. Monography. 
English summary. Copenhagen 1942. 



^VILHELMSEN OG frees BAKTER10LOC1<^1{V 
mSTirUTT, UNIVERSITY OF OSLO, OSLO. (CHIEF: F^iSn 
• TH. THJ0TTA, M. D.) 


ON THE NATURE OF THE A'lETACHROAiATIC 
GRANULES OF THE DIPHTHERIA BACILLUS 

By Per Ocd'mg. 

(Received for publication June 22nd, 1949.) 

The granules of the diphtheria bacillus were by Ernst (1888) 
originally interpreted as spores, Neisser (1888) observed that they 
were acid-fast and Babes (1889) that they got a reddish colour with 
methylene blue (metachromatic granules). Gn’mme (1902) maintained 
that the granules consisted of reserve food and called them volutin 
granules. This view' w-as supported by Meyer (1904) and has later 
been generally accepted. Grimme and Meyer indicated the chief 
methods by which volutin could be distinguished from other cell in- 
clusions and protoplasmatic structures. The volutin granules are acid- 
fast, are stained more vigorously w'ith basic aniline dyes than the re- 
maining protoplasm and are dissolved by heating and bj' alkalies and 
certain acids. 

Pescb (1924) stated that organic or inorganic phosphorous com- 
pounds "were necessary for the development of the granules, and Schu- 
macher (1922) that they consisted of free nucleic acid, as they were 
coloured green w'ith methylene blue and chrysaniline. 

Some authors w'ere of the opinion that the metachromatic granules 
had something to do W'ith the propagation of the diphtheria bacillus. 
Thus Marx & Woithe (1900) assumed that the granules look part in 
the division of the cells and Groh (1938) that they were living in- 
dividuals which burst out of the mother cell and grew' up to new in- 
dividuals. This must be seen in relation to Badley, Delves & Klimek’s 
(1931) description of a filtrable phase of the diphtheria bacillus. 

The composition and function of the metachromatic granules have 
acquired new' interest after the description of 3 types of the diphtheria 
bacillus by Anderson et al. (1931). Mitis was characterized by many 
and big granules on ox serum, w'hereas gravis had few' and small 



granules. Mair (1034) and iMiirraij (1935) found that intermedins was 
characteristically barred. 

Structures in the protoplasm of bacteria reminding of nuclei have 
been demonstrated by means of Feulgcn’s reaction [Feulgen & Rossen- 
bcck (1024)] by various authors during tlie last years [Boivin & 
Vcndrclij (1047)]. With Feulgen’s reaction the ribonucleic acid in the 
protoplasm is dissolved and the remaining thymonucleic acid or 
desoxyribonucleic acid takes a violet colour. Desoxyribonucleic acid is 
known as a component of nuclear material. Other authors have, how- 
ever, regarded the reaction as non-specific, and diffusely distributed 
colour or coloured granules as reserve food and not real nuclear 
material. 


Experimental. 

It was our intention to study the metachromatie granules of the 
diphtheria bacillus after heating and with Fculgen’s reaction, to sec 
if they should be regarded as volutin or as nuclear material. It would 
also be of interest to see if there could he demonstrated any difference 
in this respect between gravis, mitis and intermedins. 

Various strains of gravis, mitis and intermedins w’ere suspended 
in distilled water after 18 — 24 hour’s growth on Loeffler slants. A 
Ncisser smear was made of each strain, whereas the remaining sus- 
pension was heated for 1 minute in water bath at 1 00° and then stained 
in the same way. The smears of each strain were then compared before 
and after heating. 

It was demonstrated that strains which before heating had many 
big metachromatie granules lacked stainable substance afterwards. 
There was no difference in this rcsi)ect between the 3 types. After 
heating the diphtheria bacillus got a considerably more barred, un- 
evenly stained appearance than before heating. This was also observed 
in strains which had only few metachromatie granules before heating, 
and the punctured appearance is therefore not here due to disintegra- 
tion of the granules. The explanation may be that volutin which does 
not stain with Ncisscr’s stain is distributed in the bacteria, and that 
the dissolution of these granules causes the punctured appearance. 
When one of the 3 types of the diphtheria bacillus, mitis, is distinguish- 
ed by much bigger and more metachromatie granules than the other 
lype.s, the explanation of this might rather be a different chemical 
composition and staining of the volutin of the 3 types than a quantita- 
tive difference. 

With Feulgcn’s reaction no localized nuclear substance was de- 
monstrated, neither corresponding to the metachromatie granules, nor 
m the remaining part of the bacteria. The same results were obtained 
m cultures of different age, which were examined after 6 hour’s 
growth on Loeffler slants and daily for several days, and in up to IS 
months old cultures in broth. There was no difference between gravis. 
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mitis and intermedins in this respect. In all examinations, however, 
the individuals had exactly the same appearance with Feulgen’s re- 
action, i. e. a uniform, light violet colour of the bacteria. Controls with 
different solutions gave the same positive Feulgen’s reaction. 

Discussion. 

Our experiments have confirmed earlier investigations on the 
nature of the metachromatic granules of the diphtheria bacillus. If, 
as Grimme states, heating of the bacteria is a reliable method in 
distinguishing volutin from other cell inclusions, it must be assumed 
that the metachromatic granules of the diphtheria bacillus consist of 
volutin. In good accordance with this no nuclear material was de- 
monstrated in the metachromatic granules by us, when Feulgen’s re- 
action was used. The diphtheria bacillus, irrespective of the growth 
curve or the type of bacteria, however, always got a light violet colour. 
If a positive Feulgen’s reaction gives a reliable expression of the 
presence of nuclear material, our results should indicate that the 
diphtheria bacillus has got no localized nucleus, but nuclear material 
diffusely distributed through the cell. Similar results have recently 
been demonstrated by Kvittingen (1949) in Proteus in its swarming 
phase. 

Conclusions. 

1. The metachromatic granules of the diphtheria bacillus consist 
of volutin. 

2. With Feulgen’s reaction no nuclear material was demonstrated 
in the metachromatic granules. The bacteria got a light violet colour, 
indicating the presence of diffusely distributed nuclear material. 

3. These results were obtained irrespective of bacterial type or age 
of culture. 
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In their description of 3 types of the diphtheria bacillus, Coryne- 
bacterium diphtheriae gravis, mitis and intermedius, Anderson et al. 
(1931) stated that gravis fermented starch and glycogen whereas mitis 
and intermedius were inactive. Gravis also fermented dextrin but not 
d-glucosamin, whereas mitis was inconstant against dextrin but fer- 
mented d-glucosamin. They assumed that mitis did not actually fer- 
ment dextrin, and that the inconstant acid formation was caused by 
impure preparations. 

The fermentation of d-glucosamin was found to be inconstant by 
later authors, and d-glucosamin did not therefore attain any signific- 
ance in the biochemical type-differentiation. Nor did the fermentation 
of dextrin get any practical significance, as later authors did not find 
any difference in the fermentation of dextrin by the 3 types, and some 
authors maintained that the fermentation of dextrin was unreliable as 
the dextrin preparations unfrequently v/ere pure [Barratt (1924). 
Okell & Baxter (1924), Frobisher (1938), Tarnnufski (1942)]. 

Starch or glycogen are now the only sugars which are used in 
the differentiation beUveen the 3 types of the diphtheria bacillus. Many 
sugars have been examined but no one was differently fermented by 
the 3 types [Frobisher (1938), Tarnowski (1942)]. As some authors 
did not get reliable results xvith starch, a sugar reaction beside starch 
might be of value in the type differentiation, and especially if it could 
distinguish between mitis and intermedius, none of which are fer- 
mented by starch. 


E.vperiinental. 

In an earlier paper (1949) we have emphasized the importance 
of using a simple medium such as peptone-water in the sugar reactions 
of the diphtheria bacillus. All the diphtheria strains examined grev 
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well in peptone-water, with strong reactions after 1 day. False starch 
reactions, which have frequently been reported when the fermentation 
reactions have been made in broth or serum-water, are thereby avoided. 

As we noticed that some diphtheria strains gave strong whereas 
others gave weak reactions in galactose, glycerol and dextrin, further 
examinations were made with the intention to see if there should be 
any difference between gravis, mitis and intermedius in this respect. 


Tabic L 

The fermentation of dextrin by 105 diphtheria strains. 


T3'pe 

Dextrin 

S!ron(? 

rcnclion 

1 Wenk 

rcnclion 

Mills 

2 1 

37 

Gravis 

58 ' 

6*) 

Intermedius 

2 i 

0 


The strains were typed culturally, biochemically and serologically. 

*) 2 of these strains were cultuj'ally atypical, weak starch fermenters 
and belonged to our serological gravis tjq)e F 4680 (Tamowsld’s gi-avis type 
1023). 61 of the gravis strains belonged to Eobinson tO Peeney’s type II. 

Table 2. 

The differentiation between the 3 types by means of starch and dextrin 

fermentation. 



Starch 

Dextrin 

1 

Gravis 

+ 1 

strong reaction 

Mills 


weak reaction 

Intermedius 


strong reaction 


The sugar reactions were performed in 1 % peptone-water (Parke 
Davis & Co.) with Andrade’s indicator and 1 % sugar (pH 7.8). With 
the exception of starch all sugar solutions were heated to 100° C. in 
an Erlenmeyer flask, distributed in 10 mm. wide tubes and finally 
plaeed in streaming vapour for % hour. The tubes were inoculated 
with 2 drops of a 24 hours old phosphate broth culture. They were 
incubated in vertical position at 37° and controlled daily for 14 days. 
2 controls were used: (1) uninoculated sugar tubes, (2) cultures in 
peptone-water with indicator but without sugar. 

All the 105 diphthei'ia strains examined fermented galactose and 
glycerol, but some strains fermented these sugars weakly, particularly 
glycerol. There was, however, no connection between the reactions in 
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these sugars and the cultural type, whereas the types differed clearly 
in their fermentative power against dextrin (table 1). With few ex- 
ceptions gravis gave strong acid formation with dextrin after 1 day, 
and mitis weak. As intermedins is found very rarely in Norway, only 
2 strains of this type were examined; both fermented dextrin strongly 
as gravis. The results indicate that gravis, mitis and intermedius may 
he distinguished by means of their fermentation of starch and dextrin, 
whereas starch alone will not separate mitis from intermedius (table 
2 ). 

In our experiments only one dextrin preparation (»Merck«) was 
used, as other preparations were not available. When the sugar re- 
actions are made in peptone-wmter with 5 % inactivated serum, instead 
of in peptone-water only, the difference between the types disappeared, 
and even the mitis strains ordinarily gave strong reactions with dex- 
trin. 


Discussion. 

In the fermentative separation between the 3 types of the diphtheria 
bacillus only starch or glycogen have till now been used. No »sugar« 
has been found which could distinguish mitis from intermedius. In 
our experiments dextrin was found to be a valuable aid to the type 
distinction of the diphtheria bacillus, when the tests w'ere made in 
peptone-water. Dextrin should therefore be used as a routine beside 
starch or glycogen. As gravis gives strong acid formation with dextrin 
and mitis weak, dextrin will support starch in the distinction behveen 
these two types. Our 2 intermedius strains gave strong reactions with 
dextrin as gravis, and if this proves to be constant in the intermediate 
tj'pe, it will be possible by means of starch and dextrin to separate 
the 3 types from each other. 

Anderson et al. (1931) assumed that mitis did not actually ferment 
dextrin, and it is possible that the weak reaction of mitis is due to 
the presence of small quantities of glucose in the preparations. It is 
essential that a simple medium such as peptone-water is used in the 
sugar reactions, as no difference was seen between the reactions of 
le 3 types in dextrin when 5 % serum-peptone-water was used. 


Conclusions. 

and intermedius (2 strains) give strong acid formation 
tion^ peptone-water, whereas mitis gives weak acid forma- 

supports starch in the differentiation between gravis and 
1 IS. and may separate mitis from intermedius. 

Acta path. Vol. XXVI. 6 


59 
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STUDIES IN MUCOID ESCHERICHIA COLI 
1. DISSOCIATION AND MUTATIVE FERMENTATION 

By Svcrrc Did: IlcnriUscii- 
(Received for puldication .lune 22nd, 1049.) 

In the course of a study of some mucoid strains of lilscherichia coli 
a few of the strains ■were found to he unusually variable with respect 
to colony type and lactose fermentation. Most of the variations con- 
formed with usual patterns, but in some cases they seemed to take an 
unusual course. Some of these observations seemed worth recording. 

The results of a serological study of the strains are presented in 
the following paper. In this paper observations relating to colony dis- 
sociation and to mutative lactose fermentation will be described, and 
only serological data as arc pertinent to the study will be used. 


Oritiiii of the slrain.i. 


Case 2-48/48. Clirojiic cysfopyelitis. Tlio primary bromlliymol blue lactose 
agar plate culture contained (wo different colonies; 1. I.arpe, domed strongly 
mucoid, translucent colonies with the consistency of thin agar jelly (248 M). 
t. Ordinary coli colonies, smooth, modei-atelv opaque, low convex and creamv 
S). The stra ins had (he same 0-antigen and were considered as different 
mutants of the same strain. 


Case 700/48. Clu’onic cystopycUtis. The primary culture contained 3 dif- 
ferent colonies: 1. Large, clomecl, strongly mucoid, semitransparent blue colo- 
nics of a similar consistency as 248 M, but slightly stringy. (TOOiML— ). 
- Flat, smooth or slightly granular, blue colonics of a somewhat dry con- 
sistency. Tlioy were unstable in saline, strongly anti-complementary in com- 
P einent fixation tests, but otherwise had the same properties as TOOiML — . 

ley were believed to bo R-forms of this strain (TOOiRL — ). 3. Colonics of 
u iout the usual size, moderately mucoid, glistening and confluent, yellow, 
u en with an opaque centre and a more translucent peripherj'. The con- 
■ IS oncy was soft creamy. The strain differed from the two former in §accha- 
oso fermentation and in the 0-antigcn and was considered to be a different 
strain (700cm). 

Case 411/48. Chronic cystitis. The colonics on bromlliymol blue lactose agar 
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were very similar to those of 700iM, but the colour tended to be more 
greenish t411ML— )• 

Case 567/48. Chronic urinary infection. The colonies were large, domed, 
occasionally with a slight depression of the top, strongly mucoid, slightly 
translucent, yellow and of an extremely tough, viscous consistency. (Strain 
567 M) . Strain 173 M was the same strain isolated from the same patient 
several months later. 

Case 41/45. Ureter fistula after lithotomy. The strain was mucoid when 
first isolated, but very soon lost its capsules and became S. After stm-age on 
agar tubes for about two years with monthly transfers, however, it suddenly 
reverted partially to the M-phase. The mucoid (41 M) and smooth (41 S) 
strains were very similar to 248 M and S. 

Case 60/48. Chronic urinary infection. Two strains, exactly similar to 
248 M and 248' S respectively, were isolated (60M and 60S). 

Case 329/48. Chronic urinary infection. The colonies at first grew very 
slowly, but gradually gained a higher growth energy. They were large, 
strongly mucoid, translucent, of a very viscous consistency although not 
quite as tough as 567 M. The colour on bromthymol blue lactose agar was 
light gi’een, gradually turning yellow (329 MG) . 

Case BJ. Secondary infection of ulcerating sarcoma. 2 strains were isolated: 
1. Fairly large, domed, strongly mucoid colonies, resembling those of 248 M, 
but slightly smaller (BjiM). 2. Small mucoid colonies resembling those of 
7002m (Bjem). The strains differed from each other in fermentation and in 
motility, the latter one being motile. They were considered as different 
strains. 

Biochemical reactions. 

These were typical of E. coli, with a few minor deviations. Thus the 
strains 248 M and 248 S failed to produce gas from glucose when first isolated, 
but they very rapidly regained this faculty. 329 MG showed an apparently 
permanent loss of the faculty of gas production. Strains 700iML — and 
lOOiBL — , although blue on plates, fermented lactose within 24 hours, but 
showed a very slight delay as compared with the »yellow« strains. Strain 
411 ML — did not ferment lactose within 10 days. 

Methods. 

Two methods were used in the study of bacterial variation: 1. Cultivation 
on bromthymol blue lactose agar plates at room temperature with transfers 
only when the plates started to get diy (every 2 — 3 weeks). 2. Examination 
of old broth cultures after spreading on the same kind of plates. 

As the mucoid strains contained the same M-antigens (see the following 
paper) , tests for the presence of this antigen were made by slide agglutination 
in an immune serum against an M-strain, which had been exhausted of all 
somatic antibodies by absorption with the homologous S-strain. 

Results. 

In order to avoid unnecessary repetition, the variations observed 
in the individual strain or in a group of strains are described se- 
parately. 


Strains 24SM, JtlM, 60M, Bj^M, Bjjn and 700,m. 

The S-forms of these strains could be isolated easily from broth 
cultures of the M-form after one or more days. S-colonies also fre- 
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quently appeared in subcultures on plates of the M-form. Apparently 
the S-strains were 0-fornis as they did not seem to contain any K- 
antigcn and beliavccl as 0-forms in agglutination tests. They all looked 
like ordinary coli colonies. In two cases two slighllj’- different S-strains 
were isolated. One of each pair (248S, and had a pale yellow 

color, sometimes with a slightly darker centre, the other (248S, and 
BjjSJ had a darker orange color and often the periphery appeared 
to have the darkest color. On plain agar plates it seemed possible, once 
the difference had been recognized, to detect a very slight difference 
in the opacity of the two types, the pale yellow variety being a trifle 
more opaque, hut the difference would not have been noticed unless 
attention had been focused on it. There was found no serological dif- 
ference between the two varieties. Tests for M-antigcn showed that 
this was present in all the M-forms but absent from all the S-forms. 

Sirai/i 329MG. 

This strain split off S-forms less readily than the others, but they 
were isolated from a 25 days old broth cutliire. They were somewhat 
irregular, resembling R-forms, but in all other respects they behaved 
as S-forms (329S). On lactose agar plates the colonies of 329MG were 
slightly smaller than most of the other M-strains, and it appeared as 
if lactose fermentation might proceed more slowly, as shown by the 
initial green color, but frequently there appeared a few larger, strong 
ly yellow, less translucent colonics, which, in subculture, mainly re- 
produced the same t 5 q)e of colony. Most subcultures of this variety 
(329]\IY), however, contained a few smaller, paler, more translucent 
colonics, apparently of the original type. It was impossible to obtain 
any of two typos in a stable form. 


Strain AIIML— and 700, ML ~ 

Thesc strains readily split off S-forms of the same type as in the 
other strains, but blue on lactose agar (strains 411SL — and 
lOOjSL — ). All these 4 strains were mutabile strains and produced 
yellow secondary colonics, which, on subculture, reproduced stable 
lactose fermenters. (411ML + , 41ISL+, 700, ML+ and 700, SL+). The 
mutation rates, however, were very different. Whereas cultures of 
/OOjJIL — and 700, SL — always produced several yellow daughter 
colonies, in the two other strains this occurred only very rarely. Thus 
t le mutation rate of the M and S form of each strain seemed to be ap- 
proximately the same. This was also shown bj' the results of fermenta- 
mn tests in tubes with lactose peptone water. In such tubes the 700,^ 
s rains showed only a very slight delay of fermentation during the 
nst 24 hours, whereas the 411 strains usually remained negative for 
10 days, or more. 

The strains 4nML + and 700,ML + showed a similar variation as 
s lain 329M, as two types of colonies frequently appeared in the cul- 
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tures, one larger, more intensely yellow and one smaller, pale and 
more translucent. These variants could not be obtained in a stable 
form. The strain 411SL + after some months split off two different 
colonies, one (411SL +j) pale yellow and the other (411SL +J dark 
yellow. Apart from these differences the two strains seemed to be 
identical. 

Finally both the strains /OOjSL — and /00jSL+ produced typical 
S-colonies on lactose agar plates, but the latter, after a few days at 
room temperature, produced a slime wall around the colonies. Tests 
with anti-M serum indicated that this slime wall contained the M- 
antigen. 

The strains 700jML — and TOO^SL — produced deep blue colonies 
on bromthymol blue lactose agar, and remained blue, apart from the 
production of daughter colonies. The corresponding 411 strains, on the 
other hand, were bluish green and gradually tended to become more 
light green to yellowish in the course of a few days. Thus there seemed 
to be a difference in the behaviour of the two strains towards lactose. 
One pair of strains seemed to be entirely inactive, whereas the other 
appeared to cause a slow, gradual fermentation. 

Strains 567M and 77 3M. 

These strains showed a very similar behaviour and only the changes 
observed in the former are described. After a few days in broth, co- 
lonies appeared which were slightly smaller and slightly less tough 
than the original ones (strain 567Mm), but the difference was small. 
At about the same time still another type of colony appeared. This 
was much smaller and more opaque, but still distinctly mucoid as 
shown by the glistening surface and the tendency to form amoeboid 
colonies (strain 567 m) (fig. 1 and 2). This seemed to be the last step 
before the appearance of S-colonies. Such colonies were isolated from 
9 to 62 days old broth cultures, and they were of several, slightly dif- 
ferent types: 1. Typical smooth colonies, but of a stringj' consistency 
(strain 567S(m). 2. Similar colonies but of a butjuous consistency 
(567S). 3. Colonies which had a rather dull surface and which were 
of a more dry consistency, and unstable in saline (567R). All these 
three types were yellow on the plates but there also appeared some 
colonies that behaved differently: 4. Smooth but dull, slightly granular 
colonies which first were yellow but in the course of a few days at 
room temperature turned the plates blue (567RL -t- — ) 5. Small trans- 
lucent blue colonies, which also appeared to be rough (567RL^ ). 
These latter colonies showed a particularly' interesting behaviour as 
they were very unstable and produced a large number of daughtei 
colonies of different types. Thus this was a mutabile strain. By sub- 
culture of different daughter colonies it was possible to isolate ad- 
ditional strains. Some of these were the same as the numbers 3 and 
4 above, but some were different, namely: 6. Small y^ellow mucoid 
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colonics of, about the same size and appearance as the strain 567m, 
but the consistency was distinctly less viscous, only very slightly 
stringy (f)67mj. 7. Small blue mucoid colonics of a similar appearance 
and consistency as 567m„. This was a mutabile strain and produced 
yellow secondary colonies, which gave similar colonies as 567m„ in 
subculture (strain 567m„L — ). 8. Small fairlj' smooth, colonies with 
a dull surface. These after a few days turned from yellow to blue and 
they also became surrounded by a slime wall (strain 567R(m)L + — ) . 

Tests with absorbed anti-M serum showed that all the mucoid 



Fig. i. 

Strain 5G7M, 7 days at room tem 
perature on bromthymol blue Inc- 
lose agar. 5 X. 


Fig. i. 

Strain 567m, 7 days at I’ooni tem- 
perature on bromthymol blue lac- 
tose agar. 5 X. 


strains contained the same M-antigen, and this was also present in 
the, strains 567S(m) and 567R(m)L + — but not in the other S or R 
strains. 

The small translucent blue colony (no. 5 above) could he main- 
tained in a reasonably pure form by selection of small blue colonies 
^^hich did not contain papillas or daughter colonies, for subculture. 


Acid production from lactose in fluid medium. 

The acidity produced during lactose fermentation was studied by 
inoculating several tubes of 1 % lactose in unbuffered meat infusion 
roth with a number of strains. The tubes contained 10 ml of the 
niedium and all tubes were inoculated with 1 drop of suspensions con- 
aining about 1000 million organisms per ml. 

Table 1 shows the results of a comparison between the lactose- 
ermenting and lactose-negative strains of 411 and 700^. 

All lactose-fermenting strains seem to produce about the same 
M strains 700jML — and 700jSL — only lag slightly 

ennd during the first 24 hours, showing that a sufficient number 
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Table h 

Determination of pH in 1 % lactose broth by glass electrode. Comparison of 
lactose-negative (L — ) and lactose-fermenting (L-f) strains. 


Strain 

24 h. 

2d. 

3d. 

4d. 

6d. 

9d 

700iML— 

6.78 

5.69 

5.54 

5.37 

5.18 

5.03 

700iML-l- 

5.88 

5.82 

5.58 

5.45 

5.21 

5.03 

700iSL— 

6.50 

6.09 

5.72 

5.44 

5.28 

5.08 

700iSL-f 

6.17 

5.82 

5.53 

5.32 

5.11 

5.03 

700iRL— 

6.62 

6.63 

6.82 

6.49 

5.37 

5.08 

700iRL-f 

5.92 

5.72 

5.65 

5.38 

5.14 

5.01 

400 ML— 

6.72 

6.93 

6.98 

5.56 

5.74 

5.52 

411 ML-f 

5.81 

5.57 

5.38 

5.37 

5.41 

5.38 

411 SL— 

6.83 

6.75 

6.42 

6.22 

6.01 

5.24 

411 SL-f 

5.65 

5.62 

5.27 

5.17 

5.14 

5.06 

of mutants has appeared to cause 

a rapid fermentation. The strains 

411ML— and 

411SL- 

- on the other hand, 

apparently cause 

a slow 

gradual change of the acidity at least during the first few days. The 

interpretation of these results is difficult, however, due to the disturb- 

ing influence of the mutations. It seems however, as if mutabile strains 

may differ in 

their primarj' action 

on lactose. Whereas some strains 

appear to be entirely inactive until mutants 

appear. 

others may pos- 

sibly be able to effect 

a very slow 

fermentation. Similar differences 

have been observed by Kristensen 

(3). 






Table 2. 




pH determinations in lactose broth. Comparison of pale yellow fSi) and dark 

yellow 

(Sa) strains, and of green (G) and yellow (Y) strains. 


Strain 

24 h 

2 days 

3 2ays 

4 days 

6 days 

9 days 

BjiSi 

5.33 

5.28 

5.10 

5.03 

5.02 

4.95 

BjiSa 

5.87 

5.64 

5.48 

5.33 . 

5.17 

5.03 

248 Si 

5.61 

5.57 

5.42 

5.36 

5.24 

5.19 

248 S2 

5.07 

5.01 

4.93 

4.92 

4.92 

4.86 

329 MG 

6.59 

5.72 

5.81 

6.15 

5.93 

6.03 

329 MY 

6.59 

5.68 

5.80 

5.95 

5.94 

6.00 


Table 2 shows comparison between the pale yellow and strongly 
yellow (S^ and S,) strains. There does not appear to be any significant 
difference between the two types, and it may be reasonable to assume 
that the color difference is not due to different modes of attacking 
lactose, but rather to some chemical difference which makes the dark 
yellow form adsorb the indicator dye more strongly than the pale yel- 
low one. 


899 


Table 3. 

dH determinations in lactose broth. Comparison of different mutants 

of strain 567. 


Strain 

24 h, 

5G7S^'m) 

5.60 

567 S 

5.53 

567 RL- 

6.24 

567RL-l~(a) 

5.91 

567RL-f-(b) 

5.99 

567 RLH — ’tc) 

5.71 

567RL+-(cl) 

5.93 

567 RL+— (e) 

5.70 

567 RL+ 

5.48 


2 d.ays 

3 days 

4 (lays 

5.25 

5.07 

5.04 

5.27 

.5.15 

5.07 

5.58 

5.95 

6.42 

5.88 

5.79 

5.96 

5.77 


7.51 

5.58 


5.53 

5.92 


6.47 

5.73 


5.30 

5.32 


5.26 


6 days 9 days 10 days 


5.04 

5.00 


5.20 

4.98 


7.05 

6.00 

8.42 

6.77 

8.05 

8.11 

7.56 


9.17 

6.97 


5.52 

6.32 


8.33 

8.38 


7.30 

5.25 


5.33 


L+: rapid lactose fermenters. L — ; lactose negative on plates. LH — : acidifica- 
tion of plates followed by .alcalinization. Strains (a), ^b), (c) etc. are different 
strains of the same type, originating from different colonies. 


Table 3 records the results obtained with different mutants of 
strain 567. Whereas all the yellow colonies behave in the same man- 
ner, those which were blue or which turned blue after initial addifica- 
tion showed a very irregular behaviour, w’ith apparentlj"^ little agree- 
ment between different culture tubes. These results seem to be difficult 
to explain. It was thought that these strains might perhaps ferment 
carbohs'drates in a simitar manner as Aerohacter strains, but as they 
all showed a negative Voges-Proskauer reaction, this assumption could 
not he substantiated. 


Discussion. 

Whereas dissociation from M to S in most cases seemed to be a 
very simple process, wdiich is rcconcileahle with the assumption that 
it IS due to the mutation of a single gene, the behaviour of strain 
567 shows that the process may he much more complicated and pass 
through several steps. It is not suggested that these steps form a 
continuous series. It seems possible that the process may be more 
irregular than that, still the changes that actually were observed can 
c illustrated by the following series: 

M — >- Mm-)- m — >- S(m) S x R — x m. 

of i^i^stion then arises wdiether the mucoid forms at either end 
si are equivalent. In favor of their different nature it 

thos mentioned that their consistencj’^ w'as entirel 5 ’’ different, 
wlier beginning of the series being verj"^ viscous and stringy, 

leas those at the other end appeared to be much less viscous. 
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Still it -was shown that the M-antigen was the same. The difference 
might possibly be explained by assuming that the first steps in the 
series are S-forms, or even capsular forms in the Sense of Kauffmann 
with an extra envelope of M-antigen (the MO or MKO forms suggested 
by Kauffmann (2)), whereas the last steps might be R-forms with 
an envelope of M-antigen (Kauffmann’s MR). If this is so it may 
not always be entirely correet to visualize the dissociation from M 
through S to R as a gradual degradation of the organisms. If it can be 
shown in other organisms that M-forms can be produced from both 
S-forms and from R-forms, it would necessitate reconsideration of 
some of our ideas about dissociation. It should be mentioned that 
Moller (4) also obtained M-forms from R-forins, and the author has 
also previously seen such phenomena, which were difficult to explain 
otherwise (partly unpublished results). 

In the strain 567 the apparent complexity of the dissociation may 
perhaps partly he due to the fact that several different antigens were 
being changed at the same time. Some of the serological results re- 
ported in the following ])aper strongly suggest that this strain also 
had lost another antigen than the M-antigen on the way from M 
to S. Thus the different behaviour of the different strains might partly 
he due to the fact that some strains w-ere simple MO forms, whereas 
567 and 173 were MKO forms. It would require a great deal of ad- 
ditional %vork to get a really satisfactory explanation of the observa- 
tions. It seems questionable that the production of several different 
mucoid colonies and colonies with slime wall production, all apparently 
containing different quantities of the same M-antigen, w'ould be re- 
concileable with the h 5 'pothesis that these variations were due to 
mutation of a single gene. It seems that some more complicated 
mechanism would have to be postulated. 

The studies of the lactose fermentation, on the whole, gave results 
that are in good agreement with previously hnowm facts. The early 
observation of Baerthlein (1) that mutabile strains can be isolated 
from apparently normal strains of E. coli was confirmed. It seems 
probable that this tyjre of variations or mutation is very common in 
this species, and there may be no very important difference between 
mutabile strains and lactose-fermenting strains. It is apparent that 
the mutation rates in both directions may be highly different in dif- 
ferent strains, and this fact may be one of the reasons why certain 
strains sho^v a greater tendency to appear as mutabile strains than 
others. One may also assume that under certain, as yet unknown 
circumstances, a selection pressure, favorable to the lactose-negative 
type, would be set up. In such a manner one might explain the frequent 
occurrence of mutabile strains — even with high mutation rates in 
certain pathological conditions, such as chronic urinary infections. 

The reason why these different kinds of variation have been treated 
under the same heading was that it was at first thought that these 
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variations might be connected in some manner. Certain observations 
might suggest that this was so, thus the slime wall production of 
the”lactose fermenting mutant 700, RL + and the production of lactose- 
fermenting mucoid strains from the lactose negative strain 567RL — . 
Similar observations have been made in previous experiments. Thus 
in one case a smooth strain, which did not ferment lactose nor produce 
gas, after passage through a fluid medium for 24 hours, split off a 
mucoid, lactose-fermenting gas-producing strain. 

In most cases, however, mutation with respect to lactose fermenta- 
tion and to colony type appear to occur independently, and the few 
exceptions might easily be explained as coincidential. 

Some irregularities in the lactose fermentation of some strains were 
observed. Thus some aparent R-forms of strain 567 had a tendency 
to alcalinize the media, both solid and fluid, after initial acidification. 
The reason for this behaviour was not found. It seems likely that 
these strains cither had lost ])art of their ability of breaking down 
the lactose or that they had acquired the faculty of further break- 
down of the acid fermentation products. The irregularity of the results 
obtained in fluid media suggests that mutation might have occurred 
in some of the tubes, although these strains seemed to be stable on 
solid media. 

The slight color differences between different colonics, both of M 
and of S-forms, which appeared as a difference in the shade of yellow 
on bromthymol blue lactose agar, did not aj)pear to be due to dif- 
ferences in the acidity. The slight differences in opacity, and in the size 
of the colonies in the case of M-strains, suggests that this phenomenon 
might be due to some chemical change of the organisms which altered 
the affinity of the bacteria to the indicator dye. This type of varia- 
tion seemed to produce more stable variants in the S-forms than in the 
M-forms. It is not certain that the variation is the same in both colony 
phases, and the significance of the phenomenon, if any, is unknown. 
In one case which was studied very carefully (248S, and 248 S 2 ) it 
"as found that the two variants were serologically identical both in 
J>gglutinin titrations and in quantitative agglutinin determinations. 


Suminanj. 

Sexeral mucoid strains of Escherichia coli were studied with respect 
0 issociation and mutative lactose-fermentation. 

Q, cases dissociation from M to S occurs in one step, but 

^^le s Tain produced several intermediate steps between M and S which 
muM- decreasing quantities of the M-antigen. Spontaneous 

diff *^ from R to M was observed. These M-forms appeared to 
lip original ones, and it is suggested that the latter might 

'iKO or MO forms and the former MR forms. 
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The same strain split off lactose-negative mutabile strains in old 
broth cultures. Other mutants produced an alcaline reaction in lactose- 
media after initial acidification. 

Some M-strains produced two types of colonies which differed 
from each other in size, translucency and color on bromthymol blue 
lactose agar. The two types were unstable. Some S-strains also pro- 
duced t-wo types of colonies, which appeared to be more stable and 
which differed from each other in the shade of yellow color of colonies 
on the same medium. No constant difference in the acidity produced 
in lactose media by such variants could be demonstrated. The signific- 
ance of the findings is discussed. 
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STUDIES IN MUCOID ESCHERICHIA COLI 
11. SPECIFICITY OF THE MUCOID ANTIGEN 
(M-ANTIGEN) 

By Svcrrc Dick Henrikseu. 

(Received for publication June 22nd, 19i9.) 

It was reported in a previous paper (7) that several mucoid strains 
of Escherichia coli, collected at random from different patients, ap- 
peared to have closely related M-antigens (the term M-antigen is used 
rather than capsular antigen to avoid confusion with the capsular 
antigens or K-antigens studied by Kauffmann, Vahlne and others 
(9, 11, 15, 16). This paper reports some additional studies, undertaken 
in order to gain more information about these cross-reacting antigens. 

Material. 

Most of the strains were the same as described in previous papers (7, 8) . 
Their designations and general appearance are listed below. The origin of 
fiach strain is indicated by the number of the pathological specimen from 
which it was isolated. Different strains from the same specimen are distin- 
guished by subnumerals after this number, and different colony-phases of 
the same strain by the letters M (large mucoid colony) , m (small mucoid) , 
S and R. 

I. Strongly mucoid strains with large, domed, translucent colonies; 

9/0 -v’r ''dth the consistency of thin agar jelly or very slightly stringy. 

^48 M, JOOiM, 411 M, 41 M, 241 M, 60 M, BjiM. 

B. \iscous, very stringy colonies: 329 M. 
wo viscous, tough colonies: 567 M, 173 M (from the same patient 

"ith an interval of several months). 

cu.. ' mucoid, semiopaque colonies of soft ■watery or stringy consi- 

stencju /OOem, Bjem, 567 m. 

or fro di® same strains, either isolated from the original specimen 

BbS Sgs M-forms: 248 S, 411 S, TOOiS, 7OO2S, 41 S, 60S, 

of slightly irregular, diy colonies with most of the properties 

"OOiR h’om the original specimen or from old broth cultures: 
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Both lactose-fermenting and lactose-negative mutants of several strains 
were studied, likewise two different mutants or variants of several strains 
which differed from each other only in the colour of the colonies on brom- 
thymol blue lactose agar (orange and pale yellow respectively) . As all these 
mutants of the same strain behaved identically in serological reactions, no 
further mention will be made of them. 

Methods. 

Immunization. Rabbits were given intravenous injections of heated or- 
ganisms (2 h at 100 C, for production of 0-sera) , or formalin-killed suspensions 
(for pi-oduction of anti-M or anti-S immune sera). As some antigens were 
quite toxic, dosage and intervals had to be varied according to the tolerance 
of the rabbits. 6 to 8 injections usually sufficed for production of anti-0 or 
anti-S immune Sera, but production of antibodies against the M-antigen was 
slow and irregular, and immunization bad to be continued for i weeks and 
more. Even then most animals failed to produce satisfactoiy immune sera, 
and in such cases immunization was continued with living antigens. Occa- 
sionally this had the desired effect, but frequently the rabbits succumbed to 
the toxic effect of living antigens. Anti-M immune sera always showed very 
low agglutinin titers, rarely above 1:10 or 1:20, and some were active only in 
concentrated form. 

Agglutination tests were partly carried out as slide tests, partly in tubes 
with twofold dilutions of serum and equal volumes of antigen suspensions 
containing about 2000 millions organisms per ml. The latter tests were in- 
cubated at 37 C, and read after 2, 4 and 20 hours. Precipitation tests were 
carried out by layering antigen dilutions above equal volumes of serum (0.1 
to 0.2 ml). The tests were read as ring tests, after mixing and incubation at 
room temperature for 1 hour, and finally after 20 hours at 4 C. Tubes which 
appeared to be negative were centrifuged at 2000 r. p. m for ^2 liour before 
final readings. 

Complement fixation tests: twofold dilutions of inactivated serum, com- 
plement (2 100% units) and antigen (about 1000 mililon/ml), all in 0.2 ml 
volumes were mixed and Incubated at 4 C for 18 — 20 hours. 0.4 ml of 1.5 % 
sensitized sheep erythrocytes were added, and the tests read after 15 — 20 
minutes at 37 C. 

Absorptions; immune sera were mixed with washed and packed organisms 
from 6 agar slants per ml, a quantity found sufficient to remove all agglu- 
tinins against S or 0 antigens, left at 4 C over night and centrifuged. 

Quantitative preciptitin determinations: The method of Heidelbergcr and 
Kendall described in i5) and numerous otbei-s papers, was used. Antigen doses 
were determined by precipitin tests in 0.1 or 0.15 ml volumes of serum with 
different antigen dilutions, followed by tests for excess antigen or antibody 
in the supernates. Whenever possible it was attempted to do at least one set 
of determinations in the region of slight antigen excess. 

Isolation of polj^saccharide antigens. In some experiments the method used 
by Heidelbergcr, Goebel and Avery (6) for isolation of Klebsiella polysaccha- 
rides, was used. Organisms from 30 to 50 agar plates, grown at 30 C for 48 
hours, were suspended in saline and treated according to the directions given 
in (6) , except that the organisms were not killed by beat. The solutions re- 
mained very viscous throughout the process, but after desiccation of the 
product over P2O5, a considerable portion of the substance had become in- 
soluble, and the resulting solution, ■which contained abundant alcohol-pie- 
cipitable substance, was no longer viscous. Serological tests indicated that it 
was the M-antigen that had become insoluble, and that only some other poly- 
saccharide Qirobably from the somatic antigen) and some impurities le- 
mained. 
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As this method apparently failed, and also resulted in very impure pio- 
, ts a simpler method of isolating the M-antigcn was tried. Organisms from 
S hetose agar plates, cultivated at 30 C for 48 hours, were suspended in about 
50 ml saline, and centrifuged at high speed (about 4000 r. p. m.) until the 
organisms had sedimented (usually several hours were necessary). The 
supernatc which was very viscous and slightly opalescent, appai'cntly con- 
tained a major portion of the M-antigen. It was diluted to about 200 to 250 ml 
to reduce viscosity and passed through Bcrkcfeld candles. 

In one case (5G7 AI) the organisms did not come down on centrifugation, 
and the whole suspension had to ho passed through the filter. The filtrates 
were treated with sodium acetate and 2 volumes of ethanol, and the resulting 
precipitate was centrifuged out and the supernatc drained carefully off. 
Finally the precipitates were dissolved in saline. The strongly mucoid sti’ains 
yielded light brownish, fibrous precipitates, slightly mucoid strains of S- 
krains only very small quantities of flocculent precipitate. The former so- 
lutions were very viscous, even in very dilute solution (0.1 % or less), whereas 
the tatter were not appreciably more viscous than the solvent. Antigen solu- 
tions as well as immune sera were irroscrved with 0.01 % of merthiolate and 
stored at 4 C. 

For study of the capsules the India ink methofl of Butt, Bonynge and 
Joyce (1) was used. Whereas this method permits a very good estimate of 
the size of the capsules, it docs not draw a sharp line between capsulated 
and non-encapsulatcd organisms, as even S or R organisms arc surrounded 
by narrow unstained halos. 


Results. 

Agglutination tests with S-antigens in anli-M, anti-S or anti-0 
immune sera (table 1) showed that the strains belong to several (at 
least 4) different 0-groups. Only two strains (411 and 700j) were 
shown to have the same 0-antigen. Results with heated 0-antigens 
in the same sera gave identical results, showing that the strains were 
0-forms and not capsular forms in the sense of Kauffmann (2). 
Strains 700j and 700, from the same s])ccimen were serologically dif- 
ferent and probably are different strains. 700, R, also from the same 
specimen was unstable in saline and its 0-antigen could not be de- 
termined, but according to other results (mutation rate with respect 
to lactose fermentation, and complement fixing capacity) it was 
tmught to be an R-mutant of 700, M, or an intermediate RS-form. 

Results of agglutination tests with M-organisms are presented in 
3 e 2. Some strains (700jM and 411M) were completely inagglutinable 
except in high concentrations of anti-M antibodies. Others (248M) 
requently showed a late, slight partial agglutination nearly to the 
same titer as S-antigens, regardless of Avhethcr anti-M or anti-S sera 
were used. Others again (567M, 173M, 567m) are agglutinated to high 
ant’^S^' homologous anti-M serum, but to low titer or not at all in 
np ^ seriim. These differences w’ere unexpected in view of the anti 
a^mc similarities of the M-antigens, but may possibly be explained 
ue to structural differences in the different colonies (see later), 
h complement fixation tests (table 3) M-strains react to the same 
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Table i. 

Agglutination reactions of S-organisms in different immune sera. 
Final z’eadings after 20 hours at 37 C. 


Antigen 

Immune sera 


7 OO 1 M 

1 5G7 M 

nm 

mm 

567 S 

248 S 

10240 

0 

■n 


10240 

0 

567 S 

160 

160 



40 

2560 

173 S 

160 

40 

10240 

2560 

40 

2560 

60S 

0 

0 

40 

20 

0 

20 , 

7 OO 2 S 

40 

40 

40 

20 

0 

0 

7 OO 1 S 

40 

5120 

20 

20 

0 

20 

411 S 

40 

5120 

40 

20 

0 

20 

41 S 

320 

80 

160 

160 

— 

— 

BjiS 

20 

20 

20 

0 

20 

0 

329 S 

80 

40 

40 

40 

— 

— 


0: no reaction with lowest dilution used (1:20 or 1:40). 

— : reaction not done. 

Tests with 0-antigens (heated) of 248 S, 700iS, 60 S and 567 S gave the same 
results as with S-antigens, likewise tests of most antigens in several anti-0 
sera. 


Table 2. 

Agglutination reactions in test tubes with M-organisms. Readings after 

20 houi’s at 37 C. 


Antigen 

Immune sera 

248 M, 1 

1 700iM,2 

1 567 M 1 

567 m 

1 567 S 

248 M 

40—5120') 

0 

0 

0 

0 

567 M 

0 

0 

5120 

10240 

0 

567 m 

0 

0 

20480 

10240 

320 

60 M 

0 

0 

0 

0 

0 

700 M 

0 

0 

0 



411 M 

0 

0 

0 



41 M 

0 

0 

0 



329 M 

0 

0 

0 



BjiM 

0 

0 

0 



7002 m 

0 

0 

0 



567 S 



20480 

10240 

2560 


*) These reactions were variable with different batches of antigen, but 
always very slow (only after 20 h), partial and finely granular. Similar 
reactions were obtained with several anti-S and anti-0 sera. 














Table :}. 

Complement fixation reactions with the M-slrains aiul several S- 

and It-strnins. 


Antigen 

Ul'.i M. 1 ' 

Iniimme scni 

7011 .M. •> 

.',r,7 M 

2i8M 


102-f- 

:5SM- 

21SS 

iroio 



.-tOTM 

IP2 - 

102-r 

ir,:}(i 

rtC.T.^ 



l.-vJO 

.707m 


102-r 

IhOO 

IT.'tM 


102-i- 

1.700 

OOM 

102 

102 • 

:isi-i- 

THOM 

0(H- 

70S -f 

70S.t- 

7nu.‘^ 

102 

70S-f- 


70()H 


OSi-!- 


HIM 

102 

70s 

70S - 

.■i2.n.M 


.‘IS It- 

70S 

IIM 


102 

102 


102— 

102-* 

102-i 

70n,in 


OSi-- 

70S 






Several other S-sirains. not inchided in tlie table pave ilie same i-esnlts as the 
linmolopous M-strains. Tests iti several other sera ^'ave similar results. 


lUers ns S-orynnisins, regardless of agghilinabilUy. Cross-reaclions are 
more marked lhan in the agglulinalion Icsls, and are more uniform, 
suggesting that they may be determined Ity some common antigen 
which plays little role in agglutination. The results are not very 
specific, although slightly more so Ilian in some anti-Klchsiclla im- 
mune sera (7). The somewhat stronger homologous reactions are 
probably du to the specific 0-anligcns, whereas Klebsiella strains 
contain only species specific somatic antigens in addition to the type- 
specific cap.sular polysaccharides (2. H. 15). (However, see Kauffmann 
( 2 )). 


Slide agglutination tests with M-organisms in anti-M sera gave the 
results shown in table •!. In sufficiently jiotent immune sera (c. g. 
2-t8M, 1 or 700, M, 2) the strongly mucoid strains gave very charactcr- 
rstic reactions with voluminous, jelly-like or fibrous ])recipitatcs. The 
small mucoid type of colony cither gave a similar reaction (r)07m) 
or a flocculent reaction (700„m and Bj„m). No cross-reactions were 
oimd between this M-antigen and a number of immune sera against 
0 ler mucoid organisms (different Klebsiella types, imcuinococcus 
Jpes and several other mucoid organisms). Immune sera that had 
^oen exhausted of all agglutinations by absorption with the homologous 
'Organisms gave just the same reactions with all mucoid strains, 
ouing that the M-antigcn is only present in mucoid strains. 


path. Vol. XXVr. 6 


60 



908 


Table 4. 

Slide agglutination tests with mucoid strains in unabsorbed and absorbed 

anti-M immune sera. 



Immune sera 

Antigen 

Unabsorbed 

Absorbed 

with homoloRous S-sIniiii 


1 248 M. 1 


5G7 .M j 

7on, M. 2 

1 .'i«7 M j 

248 11, 2 

248M 

-f -f -b 

-b-b 

-b-b 

-b-b 

-b-b 

-b -b b 

TOO^M 

“f” "j* 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b 

-b b -b 

567M 

-f-b-f- 

+ "h 4" 

-b-b-b 

4* 4" 4” 

-b-b-b 

4~ 4“ 4" 

41 IM 

-f- 4" 4" 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

bbb 

Bj,M 

-b-b + 

-b-b 

-b 

-b-b 

-b 

bbb 

60M 

-b-b-b 

-b 

-b 

-b-b 

-b 

4” 4- 4" 

173M 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

bbb 

41 M 

-b-b-b 

-b-b-b 

-b 

4~ 4" 4- 

-b 

bbb 

329M 

-b-b-b 

-b-b-b 

4" 4~ 4“ 

-b-b-b 

-b-b-b 

4" 4" 4" 

241 M 






bbb 

700„m 

-b 

-b-b 

+ 

-b-b 

-b-b 

b 

Bjem 

-b 

-b 

-b-b 

4- 4“ 

-b 

4" 4- 

567m 

-b-b-b 

+ -f- 4* 

-b-b-b 

4_ -f- 

-b-b 

bbb 

248S 






0 

O 

o 




0 



oG7S 





0 



+ + + : compact precipitate, + + : smaller precipitate in threads or coarse 

flakes, +: small floccules. 

Slide tests in anti-S sera were negative, likewise tests with immune sera 
against Klebsiella types A, B, C, D, AE, several pneumococcus types and 
several other mucoid gram-negative rods. 

Some of the weaker immune sera seemed to bring out differences 
between some of the strains. These differences, however, probably do 
not indicate different antigenic specificity of the M-antigens, but rather 
differences in the availability of this antigen in different strains. 

Suspensions of colonies which contained mostly extra-cellular M- 
antigen, probably produce more finely dispersed solutions than co- 
lonies which have the M-antigen arranged in large, well defined 
capsules. In the former, the reaction may, in all essentials, behave 
as a precipitation reaction, sensitive to antigen excess, whereas m 
the latter the reaction may mainly occur at the surface of the capsules 
and behave as an agglutination. Studies of the reactivity of M-antigens, 
prepared from Berkefeld filtrates of different strains, and of capsule- 
preparations seemed to give evidence in support of this assumption. 

Some of the properties of purified antigen solutions are shown in 
table 5. It seems obvious that the antigens prepared by the trypsin 
digestion method (6) differ from those prepared from Berkefeld 
filtrates. 
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In order to get a rough estimate of the quantity of material con- 
tained in the Berkefeld filtrates, 5 ml portions of the two most con- 
centrated solutions were acidified w-ith acetic acid and precipitated 
with alcohol. The precipitates were centrifuged out and dried to con- 
stant 'weight at 100 C. It is not believed that these products were free 
from ash or other impurities, so the weights calculated on this basis 


Table 5. 

Properties of some purified antigen solution, prepared by the trypsin digestion 
method of Heidelberger, Goebel and Avery (T), or from Berkefeld filtrates (B). 


Preparation 

Yield 

G 

Volume of 
solution 

1 

Biuret 

test 



m 

Serological 

reactivity 

218 M (T) 

(0.875)“ 

100 ml 

1 

+++ ! 

1 

— 

10-"* 

567 M (T) 

(0.481 )*• 

100 ml 

1 - ‘ 

1 -1 — 1 — h ^ 

(2.1 o,o)** ^ 

— 

10-"* 

567 111 (T) 

(0.239)** 

25 ml 


i +++ 

(1.1 o.o)**! 

— 

10-4.-1 * 

218 M (B) 

0.0768 

30 nil 

, — 

, +++ 

: 0.8 O;o ' 

i — h 

2.6x10-^ 

567 M (B) 


50 ml 

— 

j -h-l — h 


++ 

J0~i.'* 

BJi M (B) 

0.059 

25 ml 

— 

-H-b 

0,5 0,0 

-[-_j — |- 

2.4 X 10-® 

760.) Ill (B) 


2 ml 


1 _j [- 



1/20* 

567 111 (B) 


10 ml 


I -+■-}-+ 


-L- 

t 

10-.3* 


') When the weight of the product was unknow'n, the serological reactivity 
has been expressed by the highest dilution that still produced a precipi- 
tate, assuming the value of 1 for the weight of lire product. Actually the 
weights were far smaller than 1 g (from about 0.1 to 0.5 g for the trypsin- 
antigens and from a few mg to less than a mg. for the Berkefeld filtrates) . 
Tims, these figures would have to be divided by factors of 2 to several 
thousand to got the actual dilutions. 

) A portion of these fractions, tentatively estimated at about 50%, re- 
mained insoluble. Thus the figures for the yields are too high and the 
N'Peveentages too low. 

■All Berkefeld filtrates were produced from the same number of lactose 
agar plates (3) , and the trypsin-fractions from 30 to 50 agar plates. 

-All antigen solutions gave positive tests foi’ reducing sugar after acid- 
hydrolysis only. 


probably are too high. The trypsin-fractions apparently contain con- 
siderable quantities of nitrogen, whether due to impurities or to some 
the polysaccharides is unknown. The small quantit 3 ' 
0 found in Berkefeld-filtrates is believed to indicate some impurity. 

0 1 tj'pes of preparation are serologically^ reactive, and give pre- 
cipitates with immune sera in high dilution. The M-antigen is at least 
equally as reactive as other bacterial polysaccharides, as it gives a 
s igit trace of precipitate even diluted 1 : 40 million. 

esults of precipitation tests with different antigens (table 6) 
cliff ^ show that the trypsin-antigens and the Berkefeld-antigens are 
erent. The former give practically' only reactions with homologous 


60* 
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Table 6. 

Titrations of the reactivities of the purified antigens by the precipitation 
reaction. 10-fold antigen dilutions with equal volume (0.1— 0.2 ml) of un- 

absorhed or absorbed serum. 


Serum 

Antigen 

Antigen dilutions 

undil.*) 

1 1:10 

1 1:100 

1:1000 

1 1:10000 

1 1:100000 

248 M, 2 

248 M(T) 

++ 

+++ 

++ 

tr 

0 

0 

- - 

567 M(T)| 

tr 

Ir 

0 

0 

0 

0 

567 M 

248 i\I (T)' 

tr 

Ir 

tr 

0 

0 

0 

- - 

567 M (T) 

+++ 

++-!-**) 

+++ 

+ 

0 

0 

- - 

567 m (T) 

4 — 1 — h 


+++ 

+ 

0 

0 

567 S 

567 M(T) 

0 

0 

0 

i 

0 

0 

! 

0 

- - 

567 m (T) 

0 

0 1 

! 

0 

0 

0 

0 

700iM, 2 

248 M(B) 

0 

++**) ! 

+++ 

~\ — \- ■ 

+ 1 

tr 

- - - 

567 M (B) 

+++**) 

++ 

++ 

tr 

0 

0 

... 

BjiM(B) 

0 

++*) 

+++ 

++ 

+ I 

tr 

- - - 

700om(B) 

++ 

+ 

0 

0 

0 ! 

0 

- - - 

567 m(B) 

++ 

+ 

tr 

0 

0 

0 

... 

248 S (B) 

0 

0 

0 

0 

0 

0 

567 M***) 

248 M(B) 

0 

+ 

++**) 

+ 

+ 

tr 

- 

567 M(B) 

++ 

++**) 

+ 

tr 

0 

0 


*) The original solutions, shown in table 5, column 3, were considered as 
undiluted antigen. 

**) These antigen doses gave slight excess of antigen in supernates. 

***) These sera were absorbed with the homologous S-organisms. 

immune sera, and may be a part of the 0-antigen, whereas the latter 
react equally well in all anti-M sera, even after absorption of all 
somatic agglutinins. 

Quantitative precipitin determinations with trypsin antigens (table 
7) show that this must be a major antigen, as it removes a considerable 
quantity of antibody from the serum. Tests of the supernates with 
different bacterial antigens (table 8) show that a large fraction of 
the somatic agglutinins has been removed, whereas the anti-M antibody 
apparently is unaffected. Thus these antigens at most contained traces 
of M-antigen. The trypsin-antigens prepared from the strains 567M 
and 567m seem to be equivalent, but differ from that prepared from 
248M. 

Similar tests with M-antigens (table 9) apparently give conclusive 
evidence that, at least, these two preparation are serologically iden- 
tical. It appears from the qualitative tests that all the mucoid strains 
contain the same antigen, although in greatly different quantities. Thus 
it appears that the difference between the large and the small mucoid 
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Tabic 7. 

Quantitative precipitin determinations by the method of Heidelberger, Ken- 
dall and Soo Hoo, with antigens prepared by the trypsin digestion method 
of Heidelberger, Goebel and Avery. 



Mg antibody N 

*) precipitated from 1 ml serum 

Immune j 
serum j 

Antigen 567 M (T), ml ^ 

Antigen 567 m (T), ml 

o.na 1 

1 0.09 1 

0.1.1 

0.015 1 


— 

0.19 ^ 

0.25 **) 

0.24^*) 



1 


0.18 **’) 


•) The N-content of the antigen doses used was negligible and could be 
disregarded. 

■*) The supernates from these tests showed slight antigen excess. The an- 
tigen doses are given in ml of the solution in table 5, column 4. 


Table S. 

Agglutinin tests in supernates from precipitin determinations (table 7). 


Se- 

rum 

Absorbed with 

Slide agglutination with 

Test tube agglutinations with 

567 M 

1 567 m ! 

1 567 S * 


567 M 

1 567 m 

i 567 S 

567 M 

567 M, 0.03 ml 

++ 

+++ 

+++ 


640*) 

640 

i 640 

- - 

5G7 M, 0.06 ml 

++ 

+++ 

+++ 


1 

i 


- - 

567 M, 0.13 ml 

++ 

++I 

1 ++ 




1 

- - 

567 m, 0,01 5 ml 

++ 

++ 

i ++ 


0 

320 

640 

567 m 

567 M, 0.03 ml 

- 

++1 

++ 

0 ! 

1280 

640 

" - 

567 m, 0,015 ml 


++i 

1 ++; 

1 

» i 

640 j 

640 


^’) Slight partial agglutination only. 

") This serum also failed to agglutinate this antigen before absorption. The 
agglutinin titers of these sera before absorption are shown in tables 
1 and 2. 


Tabic 9. 

Quantitative precipitin determinations with two different M-antigens pro- 
Berkefeld filtrates, in serum 248 M,2, after absorption with strain 
^8S. Results calculated to 1 ml of serum (actual quantities used 2/3 ml). 


Antigen 

248M(B).mg 

Mg antibody N*)! 
per ml serum 1 

Antigen 

mg 

Mgantibodj'N*) 
per ml serum 


0.22 j 

0.35 **) 

i 0.21 


0.19 i 

0.17 

1 0.17 

0.095 j 

0.17 1 

0.085 

0.17 


^ "rp Bie antigen was negligible t0.003 and 0.0018 mg 

spectively in the highest doses used), the total N was considei'ed as 
antibody N. 

^ antigen left slight antigen excess in supernates. The 

ts are averages of duplicate analyses (as the results in table 7) . 
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colony may be quantitative rather than qualitative, and that the 
mucoid growth in both cases is due to production of the same antigen 
Studies of the capsules of the different strains gave some results 
that might be thought to explain some of the differences found be- 
tween different strains. 3 strains (/OO^M, 41 IM and 329M) had very 
large, well defined capsules. Those of strain 411M (fig. 1) were par- 
ticularly large. The strains 567M, 248M, 60M, 173M, 41M and 
showed more heterogeneous pictures. Some rods were surrounded by 
fairly large capsules, others hy capsular spaces which were no larger 
than those seen in S or R strains. Thus these strains might appear 



Fig. 1. 

Strain 411M. India ink preparation from lactose agar culture. Counter- 
stained with gentian violet. X 1200. 

to be mixtures of encapsulated and non-oncapsulated organisms, em- 
bedded in extracellular M-antigen, which wms clearly visible between 
the cells in many films. The slightly mucoid strains, 7002m, 567m and 
Bj^m were surrounded only by very narrow capsular spaces, such as 
found in S-strains. 

Thus there are apparent differences both in the quantity and the 
arrangement of the M-antigen. In some strains it is mainly arranged 
in large capsules, in others mainly as an extracellular excretion. The 
former strains were most consistently negative in agglutination tests 
with homologous anti-S sera, whereas one of the latter (248M) showed 
a slight, slow agglutination to high titer. It is probable that only the 
non-encapsulated rods in these colonies were agglutinated, and that 
the reaction was delayed by the viscosity of the suspension. The strains 
with the greatest tendency to give negative slide agglutination tests 
with weak anti-M sera were found to be those which had the largest 
quantities of extracellular M-antigen. 

The strain 567M was agglutinated to high titer by the homologous 
serum. 
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The explanation might be similar as with the strain 248M, but the 
agglutination was complete in all dilutions, and the strain also dif- 
fered m other respects from 248M and the others, thus in its colony’ 
dissolution, and it seems likely that other antigenic differences bc- 
hveen this strain and the others played a role. 


Discussion. 

The results show that 13 mucoid strains of Escherichia coli, isolated 
from 10 different patients, and apparently representing 12 different 
strains, have serologically indistinguishahle, probably identical, M- 
antigens, present in the mucoid phase only. This suggests that this 
M-antigen must be very common in mucoid E. coli. As the collection 
of strains is small, more general conclusions are not justified, and 
further studies of larger numbers of strains will he necessary to 
decide the general validity of the results. There was no correspondence 
between the M-antigcn and the 0-antigens as the strains belonged to 
at least 4 different 0-groups, and only two strains were actuallj' shown 
to have the same 0-antigen. 

The M-antigen appears to he a complex polysaccharide, similar to 
other bacterial capsular polysaccharides. It would seem to he interest- 
ing to establish the relationship, if any, between this antigen and the 
dextrans and Icvans studied by Hehre and others (4). The M-antigen 
docs not seem to he readily soluble, as shown by the comparative dif- 
ficulties in preparing even saline suspensions, and by the fact that de- 
siccated preparations became insoluble. The viscosity is very high, even 
in very dilute solution (0.1 % and less). The antigen can be separated 
from the other bacterial antigens by centrifugation and/or filtration. 
The antigenic effect on rabbits seems to be poor and irregular, as onlj' 
a few of the rabbits used produced saticfactory immune sera, and 
many produced no detectable anti-M at all. 

In precipitation tests with immune sera the M-antigen is reactive 
in extremely high dilution (about 1 to 40 million). This reactivity is 
at least comparable to that of other bacterial polysaccharides. The high 
reactivity may possibly to some extent be due to the very gentle 
methods used in the preparation. 

A similar antigen could also be deteeted in filtrates of slightly 
mucoid cultures, but in much smaller quantities (probably about 10“^ 

0 10-5 times as much in strain 100„m and 567m), as judged by the 

1 er of the solutions, prepared from the same quantities of culture. 

Apparent differences in the reactivity of different strains in weak 
immune sera are believed to be due to antigen excess inhibition 
P enomena, caused by finely disperse solution of free M-antigen in 
e case of strains that contain much extracellular M-antigen. With 
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such solutions a precipitation reaction would be obtained rather than 
agglutination.- Solutions prepared from both types of strains were 
shown to be equally reactive in the precipitation reaction. 

It seemed surprising that strains with the same M-antigen should 
produce colonies of such widely different size and consistency. In 
pneumococcus or Klebsiella tlie same sero-type usually produces the 
same type of colony. This discrepancy may partly be due to different 
arrangement of the M-antigen in individual strains (mainly in the form 
of capsules or mainly extracellularly), partly by quantitative diffe- 
rences (small mucoid and large mucoid colony respectively), but it 
seems probable that other antigenic differences may also play a role. 
Otherwise it would be difficult to explain the difference between the 
strains 248M (thin jelly) and 567M (very tough colony), both of 
Avhich appeared to contain mainly extracellular M-antigen. It seems 
possible that strain 567M may have contained some additional capsular 
antigen (K-antigen), and represented the MKO-form suggested by 
Kauffmann (12). 

The fact that strains with small mucoid colonies have the same 
M-antigen as strains with large colonies suggests that there may be 
several steps in the dissociation, or mutation, from M to S. This was 
shown clearly by the dissociation of strain 567M (8), which passed 
through several different steps (fig. 1 and 2 of preceding paper) in 
this process (large mucoid — >- moderately large mucoid — >- small 
mucoid non-mucoid with traces of M-antigen — >- non-mucoid with- 
out M-antigen). Capsule-free, lactose-negative »mutabile« mutants of 
this strain, which apparently \vere rough in several important respects, 
showed reverse mutation to the small mucoid type, but these mutants, 
again, differed from the others in being much less viscous. It seems 
possible that the latter mutants may have represented either the MO 
or the MR type of Kauffmann. 

This mode of dissociation by steps suggests an analogy with dis- 
sociation in pneumococci (14) or Klebsiella (2, 3, 15), both of which 
have been shown to produce intermediate forms between M and S. 

One of the aims of this and previous studies was to search for 
evidence of type-transformation in vivo or »mutation dirigee« in the 
sense of Boivin (17)). The antigenic relationship between the strains 
700iM and 7002m and between Bj^M and Bjjm, which otherwise seemed 
to be different strains, at first was thought to supply such evidence. 
While the possibility remains that these may actually have been cases 
of »type transformation«, the fact that this M-antigen is so common 
in E. coli weakens the hypothesis considerably. It seems to be equally 
probable that some kind of selection pressure in the milieu, that these 
strains were growing in, may have favored the establishment of mucoid 
mutants, produced independantly by both strains. If it should be found 
that this M-antigen is as common as suggested by this report, evidence 
of type-transformation would be very difficult to establish. The reason 
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wliv one of each pair of strains should appear as the small mucoid 
type, the other as the large one, is obscure. 

The relationship between the M-antigen and the K-antigens of 
Kauffmann, Vahlne and others (9, 11, 16), has not been established. 
Vahlne found that bis mucoid strains represented several different 
K-types. It seems possibble that the presence of an M-antigen in ad- 
dition to the K-antigen might have been missed due to the poor anti- 
genicity of the former, but it is also possible that some apparent dis- 
crepancies may be due to differences in the numbers of strains studied. 

A paper by Kauffmann (12), \vhich appeared while this report 
being was prepared, also suggests the possibility of some further 
discrepancies between his results and those reported here and in 
previous papers (7, 8). The reason for such apparent discrepancies 
should perhaps be set aside until further studies have been made. One 
point should be mentioned however, namely tbe ratber jieculiar fact 
that all mucoid organisms insolated from the urinary tract in this 
laboratory could be classified as either E. coli or Aerobacter (probably 
preferably Klebsiella according to the opinion expressed by Kauff- 
mann), whereas he finds Klebsiella strains very frequently in the 
urinary tract. It might seem as if the composition of the different 
materials must have differed a great deal. 


Snmmarij. 

12 different strains of mucoid Escherichia coli, all from patholo- 
gical processes, had the same M-antigen (mucoid antigen). 

This antigen could be separated from the bacteria by centrifuga- 
tion and/or filtration, and appeared to be a complex polyaccharide. 
It had a low and uncertain antigenic effect in rabbits, but was highly 
reactive in tests with immune sera (up to dilution 1 :4 X 10"). M- 
antigens from different strains ajrpeared to have identical antigenic 
properties. 

In spite of the common M-antigen the 12 strains differed rather 
Widely with respect to size and consistency' of the colonies, and the 
egree of capsulation of the rods. 

Two pairs of strains from the same ])atients had the same M- 
an igen. The possible significance of this is discussed. 

Whereas dissociation from M to S usually' occurred in one step, 
one strain produced several intermediate colony tyq^es in this process, 
suggesting an analogy' with dissociation in Klebsiella and in Diplococ- 
cus pneumoniae. 
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A LITTLE EXPERIMENT WITH ACTH AND 
ANAPHYLACTIC SHOCK 

By J. 0rskov. 

(Received for publication October 30th, 1949.) 

It has been shown in a little work (1) that sanocrysin, much used 
in Denmark against chronic rheumatism, if given to guinea-pigs sensi- 
tized to horse serum, can alter the anaphylactic shock so that a high 
percentage will survive as compared with the controls. 

The very interesting effects arrived at recently with certain hor- 
mones against the same disease, made it tempting to examine if a 
similar effect would be found with these. As only few milligrams of 
ACTH (2) were available, the experimental possibilities vvere very 
limited. Guinea-pigs were sensitized, and 17 days later some of the 
animals were tested with intravenous injection (ear vein) of 0.2 ccm 
horse serum; all died inside few minutes, as in many earlier experi- 
ments. 

Two of the guinea-pigs each injected with two milligrams i. p., 
tested 18 hours later, died promptly as the controls. Dr. Hamburger, 
chief of our Hormone Department, comforted me a little by saying that 
the effect might have disappeared, so the remaining 8 milligrams were 
used as follows: 

10 sensitized animals were injected i. p. with 1/10 of the 8 milli- 
grams dissolved in salt water, and then tested after augmenting time. 

No. 1 tested 1 hour after the i. p. injection died astonishingly fast. 


» 2 


2 hours 


» 

X 

^ — - 

» 

survived 

» 3 

» 

2 

» 

» 

» 


» 

died 

» 4 


3 

» 

» 


» 

» 

survived 

» 5 


3 

» 

» 

y> 

» 

» 

survived 

» 6 

» 

3 

» 

» 

» 

y> 

» 

died 

» 7 

» 

4 

» 

» 

» 

» 

» 

survived 

» 8 

» 

4 

» 

» 

» 

» 

» 

died 

» 9 

» 

5 

» 

» 

» 

» 

» 

survived 

» J.U » 5 

6 controls all died. 

> 

» 

» 


» 

died 



918 


No. 5 had no clinical signs of shock, hut all the others presented 
more or less pronounced anaphylactic shocks. 

The experiments are few, hut as there can he little doubt as to the 
difference between the controls and the treated animals, maybe there 
is a hint in these results which may tempt other interested who have 
greater chances than we to get hold of the rare and costly substance. 
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